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An Introduction to 3D Printing 

With 3D printing industry being called the second industrial revolution 
and expected to grow a by 75% in 2014, let's get acquainted. 

How does a 3D Printer work? 

While 3D Printing isn't quite as simple as laying down an A4 sheet 
and clicking 'Print', the concept is not that difficult to grasp once you 
understand the basic principles, printing process and types of 3D 
printers. 

Uses of 3D Printers 

3D printers are a revolutionary device full of infinite possibilities. Their 
page utility is widespread across almost all realms of user types. We take a 
look at its various uses in different fields. 

Open Source 3D Printing 

Now that you've seen how useful and game changing a 3D printer can 
PAGE be, let's look at some revolutionary Open Source 3D printing projects 
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INTRODUCTION 


Imagine a scenario 
a few years into the 
future 

Y ou wake up in the morning to the aroma of breakfast wafting 
through the house. You groggily walk down the stairs won- 
dering, “Who’s up so early and slaving away in the kitchen to 
prepare my favourite pancakes?” Nope it’s the ‘Replicator 9000’, 
the bio-printing device you got yourself a few days ago. It beeps to notify 
you that the freshly made (or rather, freshly printed) pancakes are steadily 
rolling out of it. And this is just the beginning of your day. Besides printing 
food, 3D Printing a few years into the future will also enable the production 
of living tissue (so no more waiting for donor matches for organs), ready 
made electronics, customised clothing from shoes to belt buckles and per- 
haps even an entire aircraft. 

The day is not too far away now. 3D Printing, in its early stages, is already 
achieving many great feats - manufacturing miracles if you may. It is one of 
the most important disruptive technologies to take the world by storm. We’re 
a lucky generation to be witnessing this paradigm shift first hand. Some are 
hailing it the second coming of the industrial revolution where the power 
to make and create will no longer be concentrated in the hands of a few but 
rather in the hands of the masses. 

In the chapters that follow we delve into this upcoming technology in 
depth. We begin by explaining what 3D Printing is, its history and some of its 
possible implications. For the more technically inclined, we then look at how 
3D Printers work. Those of you wanting to put this technical knowledge to 
practical use are in luck. If you have the resourcefulness you can even make 
your own 3D printer. Granted it’s not as easy as it looks, but we’ve tried to 
simplify the process for you. Add to the fact that the power of Open Source 
is involved. With designs for printers as well as the objects to be printed 
themselves easily available, the power is indeed in the hands of the people. 

The most important implication of 3D printing in the future is the empow- 
erment of ordinary people create what they want, when they want and 
however they want. Let’s get started... CJ 
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AN INTRODUCTION TO 3D PRINTING 


A star is born 

The year was 1983. Return of the Jedi fittingly concluded the Star Wars 
series. It was also the year the word processor we’re all using (mostly) was 
introduced under the name Multi-Tool Word and revolutionized text editing. 
It was around the same time that the world was introduced to a machine 
that behaved in a manner that was completely unlike Microsoft Word, but 
the change is brought about in the manufacturing process was as big as 
Microsoft Word’s impact in its field 

Whether you call it desktop fabrication or rapid prototyping or addi- 
tive manufacturing what’s being referred to is the process of 3D printing. 
Layer upon layer of a material is printed to create a finished product ready 
for sale that required no clay modeling, didn’t come from a plaster negative 
and wasn’t molded. It merely moved from the mock-up on your computer 
screen to the finished object on your desk. 

But ‘why all the hype?’ you might wonder 

Before we address the why’ let’s talk about the when’. While the 3D printing 
landscape seemed awfully quiet in the in the first decade of the new mil- 
lennium, the number of 3D printer start ups, their rate of innovation and 
the number of products that are currently offered saw a sudden jump. This 
is attributed entirely to the expiration of key patents to what is known as 
Fused Deposition Modeling or FDM where a plastic is melted and layered 
on itself to produce an object. 

It is with the expiry of this patent and a few others that start ups like 
Makerbot began making waves and 3D printing began to take off. Start ups 
like Makerbot, Printbot and even DIY projects like RepRap began offering 
3D printers that took the quality of output to the level of industrial and 
commercial printers at a fraction of the cost. With this, in poured a whole 
bunch of ‘Me Too’ companies in to the 3D printing space. 

A lot having been developed by the open source route too worked. The 
hardware, the software and the printable objects were free to be modified 
and improved by developers around the world this making more acces- 
sible to the masses kicking in to gear the 3D printing industrial revolution. 

3D printing is a big deal because simply put, it has the potential to revolu- 
tionise mass production. Specialization of work and assembly lines could be 
completely phased out and one 3D printer could churn out item out after item. 

3D printing could even phase out delivery of some products. Rather than 
having your latest product shipped, you could purchase or even download 
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for free a three dimensional digital copy of the object and print it at home. 
The fact that virtually any substance in a power form can be melted and 
fused to take on any shape or size could phase out moulding and casting 
processes of manufacturing. 

With 3D printing, manufacturers can produce completely build prod- 
ucts. This would not only reduce costs be minimising human intervention, 
it would also cut down on the time and energy required in assembling 
the product. 

Further, as the part is produced by adding layer by layer as opposed to 
traditional machining methods where one is required to cut away mate- 
rial, the amount of wastage is almost negligible thus greatly reducing 
material costs. 

I don’t remember reading about it in the 90s 

If you are wondering why a revolution in 3D printing is picking up just 
now and remained quiet through the 80’s, 90’s and OO’s, it is because only 
in the second decade of the 21st century, that 3D printing became more 
accessible due to the fact that a lot of the technology is patented and are 
expiring one by one. 

With 3D printing now in the hands of the 
general public, the entire DIY community 
embraced it like a long lost twin. It allowed the 
average Joe to tackle problems both at work and 
at home and also allowed these ‘makers’ to create 
new things. 

3D printing is also a tool of empowerment for 
start up design and engineering firms. Instead 
of spending years working on a product, devel- 
oping it and getting it production ready, with 
the help of a 3D printer, the same product could 
be brought in to the market in a matter of days. 

Another reason why 3D printing didn’t really 
catch on in the early days was due to the fact that 
the quality of raw materials was really bad. The finished prototype that 
the designer would print after designing the object using computer aided 
design (CAD), was not nearly as robust enough to be proud of the results. 
With time, the quality of the raw materials improved and blends of different 
plastics began to be used, yielding truly impressive results. 



A model designed using CAD 
ready for print 
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So how did this all begin? 

Back in the mid 80s, Charles Hull was getting annoyed by the amount of time 
it took for him to make prototypes of his designs. While the original work flow 
involved the design being sent to a tool maker who would make the design 
in a material of your choice, he or she would seldom get it right the first time. 

Since he was working with U V curable materials, he decided to develop 
a printer that would fire a beam of U V light in to a bath of U V curable resin 
and voila, he had three dimensionally printed a cup. 

Now, to fully understand the 
why this was revolutionary, we have 
to understand that back in the day, 
virtually every manufacturing com- 
pany, from the field of automobile 
engineering to manufacturers of die- 
cast materials, spent more money 
developing the product than actually 
manufacturing it. 

With this need addressed, Charles 
Hull set up the 3D Systems Corp. and 
rewrote the rulebook on how new 
products are developed. Now, 30 
years since, 3D printing has not only 
changed the way manufactures plan 
their product launches, due to the 
expiry of key patents, the sudden surge 
in the number of start-ups providing low cost DIY kits for hobbyists and 
enthusiasts has driven the popularity up and the 3D printer could one day 
be as commonplace as a USB thumb drive. 

While Charles Hull’s Stereolithographic 3D printing is only one style 
of printing there more. A popular style which was additive printing in the 
truest sense was developed in 1988 by S. Scott Crump who called it Fused 
Deposition Modelling. Here, the 3D printer would extrude layer after layer 
of molten plastic to produce an object. When the patent for FDM expired 
in 2007, it sparked the revolution in 3D printing leading to several start 
ups developing open source models and DIY kits adding 3D printing to 
the average geek’s list of hobbies. 

A year before that, in 1987 Drs. Carl Deckard and Joe Beaman developed 
yet another style known as Selective Laser Sintering (SLS). Here a laser 
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would melt a layer of powder in the shape of the object over which a new 
layer of power would be applied and melted again. 

A fourth system of 3D printing was inspired by the way an inkjet printer 
works, Ely Sachs and Mike Cima from MIT developed a system known as 
Binder Jetting. Here the raw material presented in a powder form is stuck 
together, layer by layer that is jetted on to the powder. 

The advantage SLS has over FDM is the fact that any substances that 
can be released in a powder form can be used as raw material for printing. 
When you add to this the fact that the quality of finish one can expect from 
an SLS printer is far better than what one can expect from an FDM printer, 
it only sweetens the deal. Finally, the icing on this cake is the fact that 
the patent for SLS 3D printing 
expired in January 2014, 
many experts say that the 3D 
printing industry just might see 
a second revolution. 

Add to that the fact that 
more major patents would 
expire over the course of the 
year, 3D printing is well on 
its way towards becoming an 
industry in its own right and 
has come a long way from industrial use to finding a place on our desks. 
Let’s find out what happened along the way. 

So what happened along the way? 

The 80s may have been the decade when the 3D printer was invented, the 
world didn’t really get a chance to take a bite till about the early 90s when 
Charles Hull’s company 3D Systems produced the first SLA printer that 
enabled the manufacture of prototype parts overnight. 

While along the way, several companies including apple began to use 
3D printers for make prototypes and companies like Hull’s 3D Systems 
continued to develop the 3D printer, the real action began towards the end 
of the 90s when in 1999, scientists at the Wake Forest Institute for Regen- 
erative Medicine used a 3D synthetic scaffold coated with the patient’s 
cells. The cells are allowed to grow and the organ is transplanted in to the 
patient’s body. As the cells are entirely the patient’s the chances of the organ 
being rejected by the body are significantly reduced. While the organ may 
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not exactly be 3 dimensionally printed, it paved the way for several other 
developments in the use of 3D printers in medicine. 

In 2002, scientists at the Wake Forest Institute for Regenerative Medicine 
successfully printed a working kidney. The kidney when implanted in test 
animals actually filtered blood and produced diluted urine. In less than ten 
years, scientists have managed to print other parts of the body too. Skin, ears, 
bones, noses and even blood vessels have been printed by scientists across 
the world through 3D bio-printers that use a gel like substance made up of 
human cells extracted from the patient and grown in cell cultures. These 
cells are mixed with hydro-gel and used to print complete organs layer by 
layer thus spawning a whole new Bio-printing industry. 

While there may be huge potential in this industry and could potentially 
save millions of lives and eliminate the long waiting lists one must endure 
to find a match, concerns have been raised about the who will regulate and 
set a standard of quality. Others claim that bio-printing takes the topic of 
playing god to whole new level. 

The ability to print parts of the body using cells from the patient’s body 
means that the chances of rejection are significantly reduced. This has 

lead to 3D printing being used in 
reconstructive surgery as well. In 
the case of Eric Moger of the UK who 
had lost almost the entire left side of 
his face to cancer, doctors were able 
to develop a nylon skull that served 
as a prosthesis. 

The same is the story of an 83 
year old woman who had a new 
jaw bone printed out of a titanium 
powder. The jaw bone was given a 
bio-ceramic coating and has all the 
grooves and indentations required 
for the muscles to reattach themselves to the prosthetic bone. 

Breast cancer survivors with partial mastectomies too have benefited 
from 3D bio-printing as scientists at the University of Texas at El Paso 
have managed to use the patient’s own fat cells to create a custom fitted 
breast implant. 

Post the medical revolution that the 3D printer kicked off, open source 
3D printers made their first appearing. The brainchild of Dr. Adrian Bower 



Embraced by medical technology 
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from the University of Bath, RepRap 
aimed to give the common man access 
to the world of 3D printing. With the 
ability to manufacture its own parts, the 
RepRap was a pioneer when it came to 
the field of DIY 3D printing. 

In less than a year, in 2006, the SLS 
or Selective Layered Sintering style of 
3D printing comes of age and while 
the costs are still high, with viability 
snapping at their heels and the ability 
to print from a variety of substances 
including glass, carbon fibre and sub- 
stances of different varieties based on 
application. In January 2014, the patent keeping SLS printing away from 
being used by others expired opening a whole range of possibilities. 

Fast forward two more years to 2008 and the same organization that 
aimed to bring 3D printing to the masses developed a new model- the RepRap 
Darwin which becomes the first self-replicating 3D printer as a majority of 
its parts are made of plastic and can be 3D printed. 

While 3D printed organs are slowly becoming a reality, 2008 also saw 
major breakthroughs in 3D printed pros- 
thetics. Scott Summit developed an artifi- 
cial limb complete with a thigh, knee, shin 
and foot all made as a single piece requiring 
no assemble opening up new avenues in 
the field of 3D printed prosthetics. Scott 
went on to start Bespoke Innovations, a 
company that manufactures custom fair- 
ings for prosthetic limbs in 2009. 

2009 also marked the year of Mak- 
erbot, a start up that allowed users to build 
and assemble their own 3D printers are 
home at a fraction of the cost of commercial 
printers. With the support from Makerbot, 

Richard Van As from South Africa who 
had lost fingers in his left hand to a car- 
pentry accident collaborated with a Ivan The ability to change lives 




Technologyforthe Masses 
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Over, puppeteer from the US were able to 3D print a prosthetic hand that 
provided dexterity to people who were either born without fingers or lost 
them in accidents. 

3D printed prosthetics would go on to become a viable alternative to 
expensive ones made from carbon fiber and titanium alloys. The same 
technology is currently giving over 50,000 war refugees in Sudan a new 
lease on life at a cost of about $100 each. 

More recently, 3D printing also gave Dudley, the duckling a new lease 
on life too. After being attacked by a chicken that left him with just one 
foot, Doug Nelson, the owner of the shelter where Dudley was brought, in 
consultation with Terence Loring, founder of a design firm 3 Pillar Designs 
designed a prosthetic leg. As Dudley would outgrow each limb, Terence 
would improve the design each time. 

With the dawning of 
a new decade in the 21st 
century, the limits of 3D 
printing were further 
stretched. Security, now a 
growing concern spawned 
the unmanned aerial 
vehicle, better known 
as the drone. They were 
used in Operation Nep- 
tune Spear which led to 
Osama bin Laden’s demise 
and China has been using them to spy on us for quite a while. But what 
half a dozen aeronautical engineers did with a 3D printer proved that the 
potential that lies hidden inside 3D printing is infinite. 

The medical industry was not the only one to embrace 3D printing. 
Manufacturers of aircrafts and aircraft parts embraced 3D printing to build 
parts of an unprecedented standard. United Technologies’ Prat & Whiteny 
engine uses vanes and compressors inside its engines made from 3D printed 
parts. Honeywell 3D prints the heat exchangers for their jet engines and 
Boeing already make about 300 3D printed parts. Of these parts, some are 
ducts designed to carry cool air to electronic equipment and because they 
were had complicated shapes, manufacturing and assembling them were 
labour intensive. Now those costs have been cut down and more efficient 
designs are being implemented. 
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In 2011, with a budget of 5000 pounds, they designed SULSA, a drone 
and because it was 3D printed, they were able to give it a far more compli- 
cated aerodynamic structure that would have cost a fortune to build using 
conventional methods. Thus 3D printing, only on a larger scale could allow 
the execution of certain designs that would have been overlooked due to 
cost and manufacturing methods. 

Just like the SULSA, 2011 marked out to be the year of 3D printed firsts 
with funny names as the next innovation was titled the Urbee. Urbee is 
the greenest car on earth and with figures of over 200 miles to the gallon, 
gives the Tata Nano a run for its money. Since conventional methods of 
manufacture were too labour and time intensive. So they split the car in 
to 10 printable parts and soon, the world’s first 3D printed car was ready 
once again questioning how relevant traditional supply chains models and 
assembly lines will be in the future. 

With 2011 and 2012 being 
productive years that were 
more or less non controversial, 

2013 however saw the design, 
production of the world’s first 
3d printed gun. Dubbed the 
Liberator, it paid homage to 
the one shot guns that were 
designed to be air dropped over 
Nazi occupied France during 
the Second World War. 

But the similarities stopped there because the Liberator of 2013 had a 
total of 16 working parts out of which 15 were made of plastic. The brain- 
child of Cody Wilson, a 25 year old law student from the University of 
Texas envisioned that the gun’s schematics would be freely available to 
download off the internet promising anybody with a 3D printer and an 
internet connection with a gun. 

Cody Wilson didn’t just stop there. Through his company - Defence 
Distributed, Cody applied for a firearms manufacturing license. His next 
project was the 3D printed ‘lower’ of an AR-15 assault rifle, the part which 
actually meets the requirements of an object to be classified as a gun. This 
means that the stock, barrel and all other parts could be ordered online by 
anybody. While Cody Wilson has been included in Wired’s list of the 15 
most dangerous people in the world, it only goes to show that there can be 
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such a thing as too much 
of a good thing. 

2014 finally is the 
most promising. Not only 
will several landmark 
patents expire this year, it 
also marks the year when 
the 3D printing processes 
rewrote yet another age 
old industry. The person 
in question behind this 
revolution is Professor 
Behrokh Khoshnevis from the University of Southern California. With 
the help of a super sized 3D printer that spits out concrete, Professor Khosh- 
nevis and his team managed to build a 2,500 square foot house in 24 hours. 

The process is called contour crafting and it involves the laying down 
of two rails on either side of the site. The contour crafting system would 
move back and forth on these rails and lay concrete layer by layer. The 
design would make provisions for wiring and plumbing which would be 
assembled by hand along with the doors and windows. 

While at the surface this technology makes that unaffordable dream 
home of yours a little more tangible, Contour Crafting has the potential to 
make construction sites safer and could prove to be of great use in disaster 
relief measures, with the potential of getting entire countries back on its feet. 

Khoshnevis claims that his invention won’t take away jobs but in fact 
create more and contour crafting is being considered to be a feasible means 
of colonising the moon. Hmmm... 

If we were to say 3D 
printing has come a long 
way, we’d be really under- 
playing the way the future 
is shaping up to be. Let’s 
now turn towards the 
future of 3D printing. 

As it is with all tech- 
nology, with time and 
research would come a 
Dream home anyone? drop in costs. What this 
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implies is the fact that the traditional model where production was cen- 
tralised and the goods were distributed to location where they are needed 
might become redundant. With advancements in technology, the produc- 
tion centres could be localised and production could even take place is 
people’s homes. You pay for the raw materials and the product’s schematics 
and make it yourself. Even if the per unit cost of manufacturing is more 
when compared to traditional means, it would definitely be offset by 
the fact that the costs incurred due to middlemen, distribution, storage 
and warehousing, buffer stocks and inventory would all be eliminated. 
If the product’s schematics are freely available on the web, the costs are 
reduced further. 

The localised production 
could also result in the manufac- 
turers producing products tai- 
lored to the preferences of a par- 
ticular community. For example, 
an Alaskan production unit of an 
automobile company would be 
able to produce versions of the 
product that would do better in 
that particular market and not 
worry about the economies of 
scale for the same reasons men- 
tioned above. With localised production units, the manufacturer would 
also find it feasible to produce faster iterations of a product and get the 
customer’s feedback 

Another implication is that while quality control ensured that all prod- 
ucts produced are the same, 3D printing would lead to more personalised 
products reflecting the tastes of the individual thus promoting uniqueness. 

While the first two implications would only result in manufacturers 
rethinking their strategies, the next implication might lead to a shift in 
power and ‘global dominance’. Over the years, China has used its labour 
force to its advantage and has become the global leader in manufacturing. 
With 3D printing taking a hold, China may no longer be the first name a 
manufacturer looks up when they decide to start production. 

Add to this the fact that the Chinese authorities have accommodated the 
producer’s every need and have developed a highly specialised labour force, 
there just might be a situation where the tables could turn. 



What happens next? 
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Even though these implications don’t exactly spell doom for the Chinese 
economy considering the scale at which it operates at the domestic level, 
and the fact that not every manufacturer will end up adopting localised 3D 
printing, the respect the Chinese command at present as the manufacturing 
powerhouse of the world might not help them in the future. 

While some feel that 3D printing is going to close down shops across the 
world, what the 3d printer lacks is the fact that the production of moveable 
parts is still yet to be made possible and the process followed for printing 
an object. 

Back to reality 

While 3D printing may be the future, it still has a way to go before the kinks 
are ironed out. For starters, the idea of one day being able to print out large 
replacement parts for home appliances is still an idea and experts feel that 
it would at least be a decade before such technology enters the market let 
alone becomes cost effective. 

The time taken to print a ring or a pair of dog tags may be short but the 
amount of time a professional grade 3D printer would take to make say the 

chassis of a DSLR or any other complex 
item for that matter would run into days. 

While the 3D printer you have at 
home makes objects that are almost 
ready for use, it would still require a 
certain amount of work before it’s ready. 
Add to this the fact that a 3D printer 
can print objects on only one colour; 
the translucent red dog tags don’t look 
enticing anymore. 

Add to this the fact that conventional production methods can handle 
a variety of raw materials and the size of the print area isn’t much either, 
3D printing will still need some time to come of age. 

Furthermore our reliance on a lot of natural products would actually 
keep the traditional means of production alive and in attempts to go green; 
we would be embracing bamboo and fungi as viable materials and not 3D 
printers. Unless somebody figures out a way to print them. EJ 
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HOW DOES 
A 3D PRINTER 
WORK? 


While 3D Printing isn’t quite as simple 
as laying down an A4 sheet and clicking 
‘Print’, the concept is not that difficult 
to grasp once you understand the basic 
principles, printing process and types of 
3D printers. 
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Basic principles of a 3D printer 

Forget everything you think you know about printing, manufacturing, 
assembling and designing objects. The world of 3D printing has devel- 
oped in such as way that it disrupts every aspect of conventional product 
manufacturing. The underlying principles of 3D printing and the printers 
themselves are moving towards a unified state of turn-key manufacturing 
limited only by our imagination. 

The most essential aspect that needs to be understood about 3D 
printing or ‘additive printing’ as a personal user tool, is its process. 
Although there are different ways by which the varied models of 3D 
printers operate, they’re all based on a simple premise. As the term 
‘additive printing’ suggests, 3D printers work by “adding” layers of 
print material together to create an object. Converting a software-based 
design into distinct 2D layers or slices, which are “printed” and bonded 
to each other in order to create a 3D product is the primary method of 
operation of any 3D printer. 

Imagine placing a 
dot of glue on a piece 
of paper. Now imagine 
adding layer upon 
layer of glue on that 
dot in a precise and 
adhesive manner. That 
dot would grow off the 
two-dimensional page 
into the third dimen- 
sion and become a cyl- 
inder with the diameter of the original dot. Another example: a single sheet 
of paper would be two-dimensional but a stack of sheets would make it 
three-dimensional. In the exact same way, 3D printers create 3D objects 
by printing layer upon layer of a variety of materials to achieve a three- 
dimensional product. 

The overall workflow of any 3D printer is oriented towards achieving 
the goal of converting a 3D design created using software into a hardcopy 
version. While the methods used by different printer models vary, they’re 
all based on the same type of workflow. Let’s look at this workflow and then 
delve deeper into the world of 3D Printing by exploring the different types 
of 3D printers available in the market. 
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A simple workflow. It doesn't look that complicated, does it? 
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From inception to actualisation 

The 3D printing process of any printer can be simplified into a series of 
basic steps. These steps are independent of the printer’s size, scale, material 
or design, and are closely adhered to by nearly all printer manufacturers. 

Step 1: Just as any 2D digital printing begins as a file in a word processing 
software or page layout software, 3D printing begins in computer-aided 
design (CAD) software. The version or degree of the software’s complexity 
may vary but they all share the same basic attribute of being able to design a 
three-dimensional object inside the computer’s memory. Depending on the 
type of software, users can exert various degrees of control over the physical 
and structural integrity of the final product within the simulated environ- 
ment of the computer. Data relevant to the product’s real world attributes, 
such as material’s property or mensuration can also be accurately depicted 
using computer-aided design software. The scientific data available to these 
software is also instrumental in giving users an accurate virtual prototype 
of their design, allowing them to test how the conceptualised object will 
behave under a variety of real world settings. 

Another highly useful means of obtaining a virtually simulated design 
of an object is through the use of a 3D scanner. A 3D scanner will allow you 
to virtually “copy” a physical real world object into a computer by collecting 
detailed data regarding the object’s size, scale, design and composition. This 
collected data is then exported into CAD software where digital 3D models 



The complexity of any product is limited only by your imagination and CAD skills 
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are created for augmentation, virtual analysis or simple replication using 
a 3D printer. These virtual simulations, either manually designed through 
CAD or acquired using scanners, are the necessary first step towards begin- 
ning any 3D printing project. 

Step 2: The next step on the 3D printing journey is the conversion of the 
CAD -based models and designs into a language format that’s compatible 
with that of 3D printers - the STL format. The STL format, or ‘standard tessel- 
lation language’ format, is the current industry standard that was developed 
for the use of 3D printers. It was originally created in 1987 for use on stereo- 
lithography apparatus machines (We’ll come back to this and other types of 
3D printers at the end of this chapter). Although STL format files are the pri- 
mary standard for 3D printers, a small group of other assorted proprietary 

file formats such as ZPR 
and ObjDF which require 
specialised software can 
also do the job. However, 
the significant majority 
of professional as well 
as Open Source software 
support STL, so new users 
don’t need to worry about 
multiple conversions. 

Step 3: The next step 
will determine how the 3D 
printer will interpret the 
STL file design. This is where “Print Properties” comes into the picture. 
In the same way that we adjust printer properties such as horizontal or 
vertical orientation when we print a 2D document, we can adjust properties 
such as size and print orientation of an STL file when printing a 3D design. 

Step 4: This step varies according to the type of the printer. Once the 
STL file is ready for printing, the machines need to be checked for the 
required materials and placement configurations, just as a paper printer 
needs to be checked for ink and tray alignment. In the case of 3D printing, 
the types of machines vary greatly based on their printing techniques, 
and accordingly require different types of materials to work with. This 
includes polymers, binders, adhesives and powders. In addition to this, 
the placement of the base tray or chemical solution base also needs to 
be adjusted. 



As with any machine a Little hands-on adjustment is 
always necessary 
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Step 5: The next step is very easy - the machine proceeds to process the 
STL file and fabricate the object that’s been designed. For most consumer 
grade 3D printing machines and most designs, the entire printing process 
is automated. Only in certain rare cases, manual intervention may be 
called for; E.g. If the printing process requires large material quantities 
and reloading is necessary or if parts of the design need. The printer cre- 
ates layers measuring O.lmm 
in average thickness. Based on 
the material, this can be thicker 
or thinner. Printing objects 
can take a variable amount of 
time - from minutes to hours to 
even days. You may sometimes 
be required to keep checking 
in on the printer’s progress to 
ensure that there are no errors 
or misalignments. 

Step 6: Once the object has 
been printed, its removal from 
the printer is an extremely deli- 
cate and critical step. In many cases, the printing process leaves the object’s 
surface hot and malleable, and in certain cases requires additional time to 
clear off fumes and particulates. Users are advised to take special precau- 
tions such as wearing gloves and glasses when removing the object from 
the printer. 

Step 7: The next stage involves processing the item. With most 3D 
printers, the final object is usually found covered with the remains of the 
additive materials, or a layer of powder or coarse material. The processing 
stage requires either dusting off the physical particulates or bathing the 
object in water to remove water soluble elements. It’s important to note that 
not all objects taken from a 3D printer are immediately ready for processing. 
Depending on the material and design configuration used, some time may 
be required for the additive material to “cure” and harden completely before 
it can be processed without risk to the physical integrity of the object. If this 
is ignored, there’s a significant risk that certain parts of the object will fall 
apart, dissolve or weaken the overall structure of the object. 

The above stated workflow of 3D Printing is common to all models. Once 
the process is complete, you can use the final object for its intended purpose. 



The printer apparatus moves in all dimensions to 
fabricate the CAD-based object 
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Many printers are capable of printing multiple objects allowing users to 
carry out simultaneous manufacturing tasks for maximum efficiency 



The printing process 

As you can see, the generic work- 
flow of a 3D printing process is 
divided into a series of stages. The 
most important of which is obvi- 
ously the printing stage where the 
actual magic of 3D printing hap- 
pens. The system that governs 
how 3D printers take a digitally 
created computer-aided design 

or a scanned object file, and convert it into a layer-based printing pro- 
tocol is worth understanding so that users can maximise the utility of 
their workflow. 


The stice-based Layering of objects is similar to 
the deconstruction of a Loaf of bread 


The 3D printer has been created to interpret the STL file format of an 
object’s design and deconstruct it into layered segments. Imagine a loaf of 
bread that has been sliced into hundreds and thousands of thin layers. The 
ability to craft layer upon layer of this bread in perfect alignment and fusing 
them into one single object gives you the loaf of bread that those slices were 
a part of originally. Similarly, a 3D printer digitally dismantles an object 
into numerous layers and prints them in perfect alignment. 

Depending on the type of printer and the object being printed, the mate- 
rial used can be liquid, powder, paper, metal or even food based. The printer 
uses the cross-sections of the object to create the final item. Since almost 
every object can be physically broken down into layers, the reverse process 
of joining together the layers is made simple by the printer. The printer 

takes the virtual cross- 
sections from the com- 



3D printers are capable of extremely small layers providing 
detailed resolutions 


puter-aided design 
model and replicates 
its geometric shape in 
layered stages. 

The degree of com- 
plexity and finesse with 
which a printer can 
create objects is based 
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on the resolution of the printer. Just as high resolution paper printers give 
us a clearer and crisper final image, higher resolution 3D printers are able 
to craft objects of great precision and accuracy. A 3D printer’s resolution 
is calculated on the horizontal two-dimensional X-Y axis in dots per inch 
(DPI). The thickness of each layer is generally 250 DPI which is about 0.1 
millimeter (100 pm), but can also be as little as 16pm or 0.00016 millimeter. 
The individual particle or dot size produced by these printers is on average 
between 50pm to 100pm in diameter. 

Additive printing methodologies rely heavily on the accuracy and 
detailing of the particulate size chosen to achieve perfect fabrication. The 
time and effort taken by a 3D printer is therefore based entirely on the scale, 
size and complexity of the object being created and the specific printer being 
used. Some printers are about the size of a microwave oven while others 
can take up a whole room. 

The finishing process 

The finishing process, as we discussed in the steps, is a careful and deli- 
cate process, but usually the fastest in the entire workflow. What’s more, 
some basic finishing techniques allow for greater quality in the final 
product. Though 3D printers that can print in high resolution are avail- 
able, it’s possible to achieve even higher quality through a post-printing 
subtractive process. 

While additive printing is about adding materials together, subtractive 
printing is the exact opposite. This process is similar to photographers 
shooting an image at the 
highest resolution, then 
cropping out the desired 
part and rescaling it to 
fit a smaller frame. This 
allows for greater clarity 
and quality in the image. 

In 3D printing, a slightly 
larger or oversized ver- 
sion of the item is printed 
at normal resolution and then subjected to a high-resolution subtractive 
process, which makes it possible to craft a more accurately sized final object. 
This is akin to scaling down a larger sized model proportionally to achieve 
greater precision in detail. 



Object finishing is critical if you want a smooth surface 
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This finishing technique is especially useful when working with 3D 
printers that use multiple materials in their process. Subtractive printing 
allows users to flesh out the variances in composition and style - especially 
handy when multiple colour components or parts are printed together. 
Another aspect of the finishing process is erasing or removing “supports” 
that are used while printing. In certain designs, it’s necessary to use small 
components that hold up the orientation or structure of the object during 
the printing process, after which they’re no longer useful and need to be 
removed. During the finishing process, these supports are removed either 
manually or by dissolving them once the object has been printed. 

Additives used 

We’ve said it before and we’ll say it again: 3D printing is essentially addi- 
tive printing where materials are added in layers to achieve the final object. 
These materials that are used by 3D printers are called additives, which are 
available in a variety of types contingent on the type of printer used and 
the object designed. Addictives are essentially the “ink” with which three- 
dimensional objects are printed. A significantly large variety of materials 
- ranging from plastic to chocolate - can be used as additives, if the printer 
supports them of course. 

The most common and affordable additive material is plastic of var- 
ious properties. The plastic used to make LEGO toys is one of the top 
used additives and is called acrylonitrile butadiene styrene or ABS. It is 
cheaply available and easy to work with, in addition to being found in a 
variety of colours. The other types of plastics being used in 3D printing 
are as follows:- 

1. Polylactic acid-based plastics (PLA): Available in a range of grades, 
from soft to hard. It’s gradually gaining favour as the more preferred 
additive type in comparison to ABS. 

2. Polyvinyl alcohol (PVA): It’s an essential additive agent used as a dis- 
solvable material, most commonly used to make supports in 3D objects. 

3. Polycarbonate (PC): Polycarbonate is a currently experimental additive 
material being tested with certain types of 3D printers. It’s ejected in 
liquid state from high temperature ejectors or printer nozzles, similar 
to inkjet printers. 

4. Soft poly-lactic acid (Soft PLA): This plastic is the extreme version of PLAs 
and has the unique property of being very flexible. However, it’s currently 
still in limited use due to its basic range of colours and production. 


■I AT" 


HOW DOES A 3D PRINTER WORK? 


25 


And then you have the 
more resilient and tradi- 
tional manufacturing mate- 
rials such as metals and 
complex polymer. Sturdier 
additives such as different 
types of steels, titanium, 
precious metals such as 
gold and silver, and other 
metals are currently not 
easily available or used in 
consumer level 3D printers. 

However, research and interest in their use are helping them slowly work 
their way outside of scientific grade 3D printers into consumer grade printers. 

The potential of a variety of other materials such as nylon, glass-based 
polyamide, epoxy, wax and photopolymers has not gone unnoticed either 
and they’re also finding root in the world of 3D printing. In fact, just about 
any material (besides a few exceptions) can be used as an additive. It’s just a 
matter of incorporating the materials into existing or emerging printer designs. 

► A few examples of ways in which exotic and unique materials are being 
used in 3D printing: 

► Chocolate additives used to make custom designed desserts using 
CAD applications 

► Bio-ink or stem cells to print human tissues such as blood vessels, blad- 
ders and kidney parts for surgery 

► Silicon, calcium and zinc as additives to make an artificial bone structure 
on which real bone tissue could grow 

Types of 3D printer technologies 

Now that you know about the process of printing and materials used, it’s 
time for an overview of the different types of 3D printer technologies and 
ways in which they differ. The methods they all use are of an ever-evolving 
nature and as newer techniques are perfected, they’re bound to undergo 
change. For now, 3D printers are broadly based on four operational methods. 

1. Traditional 3D Printers 

Traditional 3D printers employ the simplest method of them all. The 
addictives are layered in a basic two-dimensional way across an X-Y 



Polymers will continue being the top choice amongst 
the types of additives used 
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axis, similar to an inkjet printer’s functioning. This basic style is typi- 
cally known as ‘3D printing’, with more specialised names for other 
versions of this technique. An advanced version of this technique is 
known as ‘Polyjet photopolymer’ 3D printing which employs the tra- 
ditional inkjet method of applying ink but uses a photopolymer liquid 
that solidifies when struck by UV light. The use of photopolymer allows 
for a variety of materials to be used in an assortment of colours and very 
high-resolution prints. 

2. Stereolithography (SLA) 

The next method is known as stereolithography. It is chemical based and 
relies on the combination of light sensitive chemicals and lasers. These 
chemicals are oriented in such a manner that when they’re exposed to 
UV laser light they turn from liquid to solid. The 3D printers that use this 
method are designed to maneuver the UV laser across a thin surface of the 
chemical liquid in the design of the required object. As each layer solidifies, 
it is lowered and thinly submerged in the chemical liquid. The U V laser then 
creates another solid layer by moving across the liquid and so on until the 
final product is solidified and complete. 

The stereolithography method has proven to provide a very high level 
of detailing and finishing on the surface of the objects created. The entire 
printing process takes places in the chemical liquid and the finishing involves 
separating the solidified 3D object from the pool of chemicals in a single 
flow. This was the first ever method of 3D printing that was invented in 
1983 by Charles Hull. 

3. Fused Deposition Modeling (FDM) 

The third technique, known as ‘Fused Deposition Modelling’, is based 
on the use of molten material that becomes solid as it’s layered on to the 
print surface. As the molten material is injected from the printer head, 
it creates the successive layers of the 3D design. This process continues 
until the product is fully created. This technique also uses food-based 
molten material such as cheese and chocolate to create complex-shaped 
food items. This is one of the most affordable types of 3D printers avail- 
able in the market. 

These types of printers use ABS and PLA plastics as well as biodegrad- 
able polymers which are organic in nature. The plastic additives used can 
also be dispensed as filaments from spools in a slightly augmented type of 
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this printer. This technique is called ‘Fused Filament Fabrication’ since the 
additive source is in the form of spooled filaments of plastic. 

Printers of this design are capable of employing nearly any material that 
has a creamy viscosity including materials such as clay, silicone, chocolate, 
cheese, frosting, cement and certain metals. The heating necessary for dif- 
ferent additives is either done through the ejection nozzle or the additive 
storage unit based on the required melting point. 

4. Selective Laser Sintering (SLS) 

The fourth method uses powdered materials that are fused together using 
either heat or adhesives between layers to achieve the desired 3D shape. This 
method is called ‘Selective Laser Sintering’ (SLS) and is actually a combina- 
tion of traditional 3D printing and powered lasers, (instead of UV light). 
By augmenting the stereolithographic method, SLS replaces the chemical 
pool with powdered base material and the UV light with a powered laser. 

Combining both the methods makes it possible for SLS printers to use 
not only all plastics but also ceramics and metals to fabricate objects. It has 
proven to be a cost-effective alternative to other 3D printers in specialised 
cases which call for the use of materials such as polystyrene, nylon, glass, 
metals and other exotic additives. The powdered material from these sources 
is easy to fuse using a laser and once the 3D printing project is completed, 
the surplus material is left available for reuse. It also removes the need for 
the use of supports and makes the overall process much more efficient. 

Developing technologies 

Even as we discuss the world of 3D printer technologies progress is being 
made in more versatile and innovative methods. Three of the most promising 
technologies that are likely to find acceptance in the near future are Selective 
Laser Melting, Electron Beam Melting and Laminated Object Manufacturing. 

1. Selective Laser Melting: is similar to Selective Laser Sintering but far 
more advanced as it uses the power of lasers to fully melt the powder 
granules into a fixed solid layer instead of simply fusing the powder 
together. This results in stronger and longer lasting objects that can be 
intensively used. It is similar to the Electron Beam Melting method as 
well where electron beams are used instead of a U V laser. 

2. The Electron Beam Melting method: is used for extremely high pre- 
cision object printing, which is required to make biological grade 
implants, such as those used in orthopedic surgery. The complete 
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LOM techniques almost make it seem like the object was inside the materials block just 
waiting to be released 


freedom in choice of materials and extremely high grade of man- 
ufacturing bring it the closest in terms of quality to traditional 
manufacturing methods. 

3. Laminated Object Manufacturing: is the name given to a printing meth- 
odology wherein the layers of paper, polymers or metal laminates are 
coated in adhesive and bound together. After this step, a high-precision 
laser cutter or blade carves out the desired object. This process uses 
thousands of adhesive layers from which an object is extracted, similar 
to sculpting from a marble block in the olden days. 

The diversity and variety in the world of 3D printing may seem over- 
whelming but it isn’t that dissimilar from 2D printing; just as choosing 
between inkjet, laser, all-in-one and photography grade printers is based on 
the user’s need, so is the choice between the different types of 3D printers. 
Whatever be your need - professional prototyping or simple craftsman- 
ship - there’s a 3D printer out there that will suit your need, f J 
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USES OF 3D 
PRINTERS 

3D printers are a revolutionary device 
full of infinite possibilities. Their utility 
is widespread across almost all realms of 
user types. We take a look at its various 
uses in different fields. 


The Potential of 3D printing 

Since the 1980s when 3D printing technology was first implemented it has 
been called “the overnight revolution decades in the making”. But in the 
progress that has been made in the last decade has overshadowed much of 
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the dream. From being an industry changing technology that would enable 
manufacturing to gain new heights, it has instead found its appeal in the 
hands of individuals, who embody the potential of 3D printing technology 
through early adoption and experimentation. 

And even as 3D printing technologies continue to develop and mature, 
the benchmark for their potential is higher than can be imagined if we 
consider the underlying potential of the technology. We will take a look at 
the foundations of 3D printing technology and see how they connect to its 
applications in the present as well as the future. 

Potential 1: Manufac- 
turing with 3D printers has 
been proven to be elegant 
and simple when compared 
with traditional manufac- 
turing methods. Typically 
we find that the more com- 
plex an objects design or 
shape it, the more expensive 
it is to produce, when using 
traditional technologies. However with 3D printers, this problem is resolved, 
as the level of complexity has no bearing on the costs of manufacturing. Since 
the craftsmanship required is unified in the software end of the process, 
issues such as skill, time and cost are relatively the same across a wide 
variety of objects. The only variable becomes the cost of materials and time 
taken to fabricate, which is independent from the complexity of the design. 
This feature disrupts the traditional economics of how products are valued 
and changes the business of manufacturing radically. 

Potential 2: The age of mass production has brought us to a place 
where it is easier and cheaper to manufacture identical objects in large 
units to optimize costs. But since 3D printing exists outside of this con- 
straint, the potential for infinite variety is already at hand. A 3D printer 
is not restrained by the design of its products and can produce objects 
of a wide variety with equal ease. Traditional methods require fixed 
assets like moulds or assembly line configurations that are complicated 
and expensive to implement, making it worthwhile only if large units of 
identical products are manufactured, but with 3D printing we can create 
a variety of products using the same 3D printer asset. It effectively allows 
for an all-in-one factory. 
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Open ended 3D printers can be augmented to 
increase their scale of printing by a great degree 


Potential 3: The workflow 
of traditional manufacturing is 
based on a sequence of stages 
where products are created 
piece by piece and then assem- 
bled together. With 3D printing 
the entire manufacturing work- 
flow is unified into a single step. 
Since 3D printers can form inter- 
locking elements the restraint of 
time needed to assemble parts 
is broken. Even vastly complex 
assortment of parts such as 
those in a gun or a car do not pose a problem for 3D printing and saves 
significant effort of labour and time which would otherwise be wasted 
in assembling. This advantage has complementary effects on the supply 
chain, which helps in saving money otherwise spent on transportation and 
labour, as well as the fact that they save the environment from pollution. 

Potential 4: Unlike traditional printing techniques the amount of time 
required for planning, and implementation is greatly reduced when working 
with a 3D printer. Due to this saving we can produce products on demand, 
as and when it is needed and ready. Even in cases where designs and plans 
are already prepared, traditional manufacturing has a start up time cost 
whereas with 3D printing it is just seconds away. Business’ and personal 
manufacturing is immediate and fulfillment is maximised, so far as to say, 
that even expenses related to the transportation of goods can be minimized 
since they can be printed 
closer to the location 
where they are needed, 
effectively putting an 
end to warehousing and 
storage of inventory. 

Potential 5: One of 
the most practical, and 
most fun, potential of 3D 
printing is its openness 

to the imagination. The jpg /\ s ^ on Martin used in James Bond's Skyfall was a 3D 
requirements of crea- printed model. 
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tion usually involve a great deal of consideration in relation to the how 
of manufacturing; questions such as do we have the right tools and do we 
have the right machines become no longer an issue with 3D printing. The 
imagination to design and create is limitless and negligible in costs. In 
traditional setups a furniture designer would be limited by the machines 
available such as a milling machine or a sander, and would have to design 
based on those restrictions, however with 3D printers they can design with 
full freedom and allow exploration and creation of new unlikely designs. 
Using this freedom we already see shapes and designs only found in nature 
becoming a part of the designers inspiration. 

Potential 6: Traditional manufacturing recjuires a large number of 
people with an array of skillsets to make any product a reality; the designers 
themselves would need years of hands on training with materials before 
they have the necessary skills to replicate even a basic object. With the use of 
computer guided machines and computer aided design software this limita- 
tion is eased since the design files are all that a 3D printer needs to produce 
any product. This freedom to create with unskilled manufacturing allows 
products to be accessible in areas where skill is limited or remotely placed. 

Potential 7: Traditional manufacturing calculates productivity based on 
the quantity of creation per volume of production space. In most cases this 

means that large manufacturing 
machines can only create prod- 
ucts or parts that are consider- 
ably smaller than the machines 
themselves. But in the world of 
3D printing this barrier is no 
longer true. Even a small 3D 
printer has greater productivity 
per volume of production space 
and can be arranged in a configu- 
ration of autonomously mobile 
printing apparatus so that they 
can print objects much larger 
than the printer themselves. This form of high production capacity allows 
3D printers to find utility in a home as well as a business. 

Potential 8: As we’ve already discussed, the vastness of traditional 
manufacturing leads to many other costs, a significant part of which are by- 
product waste material. In the case of 3D printing, the precision and method 



Even on a nano-scale this model of London's 
Tower Bridge isn't beyond reality. Made by 
Vienna Institute of Technology. 
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of manufacturing makes wastage near negligible. In industries where 
metal is used, it is found that traditional methods leave nearly 90 percent 
of the source apart from the final product due to finishing and polishing 
steps, which creates more waste per product. With modern metal based 3D 
printers, this wastage is significantly minimised making 3D printing a far 
more eco friendly alternative. 

Industrial use, prototyping and efficiency 

All great innovations require large scale investments to find footing as they 
evolve. In this respect, 3D printing is already seeing significant interest 
from corporations and investors. The large scale usage of 3D printing not 
only makes it a viable alternative to traditional manufacturing methods 
and an alluring investment opportunity for innovators but also allows it 
to be integrated into the mainstream consumer usage. The industry in this 
respect is critical towards making 3D printing a norm in society. 

One of the fundamental methods of industrial usage for 3D printing 
lies in its use for rapid prototyping. The range of techniques that encom- 
pass rapid prototyping allow 
large scale manufacturers to very 
quickly create a simulated fabrica- 
tion of any physical object in a three 
dimensional computer aided pro- 
gram. As industries use 3D printing 
to produce and test their products 
it brings the cost of creating mass 
producible items down and makes 
it cheaper for the end-user. 

Rapid prototyping through 3D 
printing also enables industries to 
create the exact number of required 
parts without relying on the economies of scale, which would otherwise 
force them to expend resources on larger manufacturing orders. The print 
to use principle of 3D printing becomes an integral component of product 
design and costing. 

Currently the use of 3D printing in rapid prototyping is in its infancy but 
has been described as the “next level” of manufacturing technology since 
2009 by many experts. The key obstacle in the use of 3D printers within 
industry lies in its relatively slow speed of printing. This barrier is being 



A car engine prototype can be printed in 
hours and ready for testing. Faster than ever 
before and cheaper too. 
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resolved with each successive generation of 3D printers and is expected to 
match up to traditional manufacturing methods within the next ten years. 

With investment in 3D printers for in-house use already seeing a gradual 
increase within large scale manufacturing units, the number of companies 
to adopt the technology is predicted to rise rapidly according to experts. 
Major companies such as General Electric, Ford Motors, Nike, Rolls Royce 
and Mattel use 3D printing in a variety of ways to enhance the production 

of their products. 

GE Aviation is one of the 
largest companies to take on the 
use of 3D printing for its manu- 
facturing process’. A critical 
component within the develop- 
ment process for its latest LEAP 
jet engines is the creation of more 
than 85,000 fuel injection noz- 
zles. Normally these each nozzle 
is assembled from twenty dis- 
tinct components but with the 
use of 3D printers GE Aviation is able to able to create each unit in a single 
print process with no assembly requirements. 

The new process has proven to be more efficient than traditional methods 
on a number of levels, from product strength to per unit cost. It has also 
allowed engineers to design components that are more complex without 
the fear of additional manufacturing complexity such as the creation of 
integrated air passages within the components that allow for easy airflow 
and cooling which can withstand temperatures of over 2400 degrees Fahr- 
enheit! You can expect to witness these components in action with the use 
of the next range of Boeing 737 MAX and Airbus A320neo aircrafts, which 
will be using this next generation engine. 

General Electric is also working towards using 3D printing technolo- 
gies with is range of healthcare and medical devices. Its experiments with 
ultrasound probing has already proven successful. These small devices are 
printed with the intent to be used on patients to give a sonar like imaging 
ability to doctors. Normally these types of probes require a high degree of 
crafting due to the detailed patterning of their design however with the use 
of 3D printers they can be created in one seamless step which helps cut costs 
up to 30 percent. For similar reasons Rolls Royce, a cutting edge engineering 



The world's largest aviation manufacturer, 

GE, is able to improve productivity on the most 
complex designs using 3D printing. 
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based company, is investing in 3D printing for component manufacturing, 
in order to create better, faster and more cost effective parts for its products. 

In the automotive industry Ford Motors is planning to create a system 
whereby their customers would be able to print their own replacement 
parts. Traditionally, replacement parts need to be shipped from the fac- 
tory to mechanics or service centres and can lead to days of work. But Ford 
wants to find a way so that customers can download the designs of the parts 
locally and have it printed at home or at the service centre within hours. 

Till such a time as that is possible Ford is using 3D printing to run proto- 
typing on the components test vehicles and has been doing so since the late 
1980s. Using large scale industrial grade 3D printers, Ford saves countless 
amount of man hours when testing and designing components for its cars, 
engines and other automotive systems. On average, Ford is able to save 
one month of production time on certain lines of engines, which include a 
complex array of features such as ports, passages and valves with no loss in 
quality. The ability to quickly create and test these prototypes allows them 
to work towards not only enhance fuel efficiency designs but also experi- 
ment with a variety of designs in one rotation. Traditional manufacturing 
based prototyping would take up to four or five months per component. 

Mattel Toys uses dozens of 3D printers to make prototypes of its toys 
using clay and wax, before the final model is rendered in plastic. Nearly every 
product made by Mattel incorporates 3D printed components including the 
popular Barbie and Hot Wheel toys. Other end user companies like shoe 
manufacturers Nike and New Balance are able to design sports shoes which 
are built according to the specific feet scans of athletes allowing for greater 
comfort, safety and speed. In some respects, this inclusion of 3D printing in 
apparel and shoes is hopeful for a world without sweatshops. 

Consumer use and Customised Manufacturing 

And even as larger industries are considering how the benefits of 3D printing 
can be incorporated further into their business models, it is at the level of 
consumer business’ where the highest levels of engagement is seen. The 
idea of mass customization allows for customers to directly influence the 
style, look, shape and features of their products. From jewellery to sports 
good, every customer can demand a distinct identity for their personal 
products. Small business’ in the U.S. are already tapping into this desire 
with the features of 3D printing. Traditionally, customization has always 
been the last step of any products creation chain, such as a photo print 
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on a mug that was made blank, but with 3D 
printing the mug can be made to sleekly fit 
the hand of its user if so desired. Any number 
of personalised features can be included in a 
wide range of products without the need for 
large scale mass production. 

Using consumer scale 3D printers that can 
come for as low as USD $1000 (Rs.62,000) in 
the market, designers are producing goods 
for their customers both locally and through 
shipping. With the benefits of e-commerce, 
the ability to connect unique designs with 
far away clients makes independent business 
opportunity possible for a wide variety of dig- 
ital artisans. Currently most of these business’ 
are confined to areas where 3D printers are 
sold, which is mostly America and parts of 
Europe, but with the regional interest in Asia and India specifically on the 
rise, the possibilities are still fertile. 

Already companies like SOLS, Matter Labs and Shapeways are emerging 
players in the western market who are providing the benefits of 3D mass 
customisation to their customers. From mobile phone cases to orthotics for 
doctors, these companies are catering directly to the needs of everyone by 
reducing the cost of personalised products. 

Normally doctors would require access to a USD $25,000 (Rs. 15,50,000) 
3D imaging machines to provide their patients with custom made foot 
orthotics, but now with a free iPad app and 3D scanning, they can do 

the same for less than USD 
$500 (Rs.30,000). And even 
though high grade prosthetics 
are still made in better quality 
using injection moulding 
techniques, those made by 3D 
printers are a more cost effec- 
tive solution for those who can’t 
afford the former. In time, SOLS 
- a company that creates these 
orthotics - is looking to develop 



Machine made body parts bring us one step closer 
to moving beyond the weakness of flesh. 



Visitors at CES 2014 were able to 
get themselves printed as Star 
Trek action figures. Shut up and 
take my money! 
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3D printing methods so that within five years the gap in quality is bridged 
using advanced 3D printers. 

Hobbyists use - The Maker Movement 

Just as computers that were once confined to giant rooms became portable 
devices in user’s pockets, the hope for any cutting edge technology is the 
same - to become part of the household lives of its users. Sometimes this 
shift takes decades to happen but with 3D printing, the die hard enthu- 
siasm of individuals and small groups is driving consumerisation faster 
than ever before. 

The Maker movement as it is known consists of do-it-yourself enthusiasts 
and active designers who believe in the potential of 3D printing and are 
actively pursuing it in their day to day lives. Many of the individuals are 
hobbyists who consider the freedom and creative innovation of 3D printing 
to be a liberating form of personal expression as well as a possible source 
of personal income. The small scale community of Maker’s is found even 
in India as they get together for Maker Meets, the most recent of which 
took place in Bangalore. And as the prices of home use 3D printers falls 
within the same range as personal computers more and more hobbyists 
are becoming part of this movement. 

Home and domestic users of 3D printers are able to make an assortment 
of objects for fun, pleasure and sometimes money. So far the types of objects 
that have been made by individuals is staggering and include things such 
as functional clocks, jewelry, household parts like door knobs, coat hooks, 
bags and even food items. Certain popular instances also include homemade 
prosthetics, complex toys like abstract Rubik’s cubes. 

The cheapest models of 3D printers priced between USD $100 to USD 
$500 (cheaper than an iPhone) are being used by individuals for personal 



We can Look forward to moving away from awkward family photos to awkward family sculp- 
tures. 3D printed of course. 
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experimentation. Using these 
items people are able to create 
objects used in day to day life 
such as combs, key copies, phone 
covers, cutlery and anything you 
can imagine. At the current stage 
of product development and cost 
effectiveness, the restraints are 
limited to materials used (mainly 
plastics) and the size of the object. 

The Maker movement is 
mainly interested in the possi- 
bilities of 3D printing and seeks 
to normalise its presence in the 
consumer world. As the coming 
decade comes to an end, patents 
on advanced 3D printing methods 
will expire and a wave of multi-material, large scale home printing options 
will become accessible to the public. The Maker movement’s key priority is 
to encourage self-reliance with respect to personal goods and the learning 
of the necessary tools to make it happen; from traditional methods to 3D 
printing. But only with the latter have they seen a remarkable interest and 
growth in the proliferation of DI Y manufacturing. 

Educational use 

Outside of the fragmented personal and individual user demographic of 3D 
printers lies the larger not-for-profit institutions such as schools, universities, 
research labs and government agencies. The real level of innovation that is 
exciting and relatable takes place at these places where imagination meets 
resources, and the willingness to experiment. In fact, schools and universi- 
ties are not only one of the earliest adopters of the technology but critical 
contributors in the development of the technology itself. 

Using the novelty appeal of a 3D printing demonstrations teachers are able 
to cultivate hands-on learning and explore areas of conceptualisation, design, 
technology application, applied sciences and small scale manufacturing. 
For students in the field of architecture, multimedia, arts and engineers, the 
use of 3D printers greatly enhances the learning experience as students are 
able to create functional scale models of their ideas quickly and accurately. 



Whether you printa gamegun ora reaL gun, 
with the internet the freedom is in your hands. 
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For students of art, graphic design and artisan skills such as sculpting 
and pottery, 3D printing opens up a whole new world of exploration. Pro- 
jects that would normally take months or years to ideate, conceptualise, 
draft, mould, redraft, remould and prototype can be done in a much shorter 
period of time. The physical applications of the project are transferred in to 
computed aided design programs and are easier to augment, correct and 
improve before they are made into three dimensional realities. 

The most fundamental benefit of 3D printing in the classrooms is that 
students are taking an active interest in aspects of computer sciences. Since 
the current use of 3D printers requires at least a basic understanding of 
CAD programs, students are opti- 
mistically taking to freeware like 
SketchUp to learn how to create 
simulated versions of their imagi- 
native models. With an increased 
interest this pathway is leading to 
a more active engagement with 
3D modelling softwares and CAD 
based programming as well. 

Medical Use 

The use of 3D printing in bio-sciences is still very much in its infancy but 
theoretical research is still ongoing, to such a degree that scientists have 
figured out how to print blood vessels using this new technology. But in 
active practice 3D printing is used in only three categories of health care; 
prosthetics, medical devices and human tissue. 

Prosthetics or “scaffolding” as it is commonly known is already said to 
have been revolutionized by 3D printing. The ability to cheaply and effectively 
manufacture join replacements has already been proven. One of the most 
commonly implemented procedures is knee replacement printing which takes 
all the advantages of 3D printing. Normally, knee replacement is done from a 
selection of six base models that doctors have created but with 3D printing, 
the replacement piece is printed to custom fit the patient who needs it. 

By making each replacement knee as unique as the person it belongs 
to, doctors are able to provide a much better quality of life to their patients. 
Patients don’t lose any bone in the surgery and are able to recover faster 
and acquire better functionality from the implant. The custom designed 
bone piece is proven to be stronger, more flexible and a greatly more 



3D printers in the classroom open up a whole 
new world of learning for students. 
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accurate mimic of the original 
bone piece. 

The category of medical 
devices has also witnessed a 
revolution of its own with 3D 
printers having become the 
norm for most hearing aids that 
are being created. Since each 
hearing aid device is meant to fit 
an individual’s ear, the ability to 
craft one based on scans from 3D 
printers makes this technology 
an obvious choice. Instead of having to spent time casting handmade ear 
moulds, a 3D scanner is able to save money to source the data required by 
the 3D printer. The time required is also reduced from over a week down 
to a single day. In the same way dental implants are also becoming faster, 
easier and more painfree to manufacture. One of the most revolutionary uses 
of 3D printing was in mid-2013 when doctors created a customised splint 
for a newborn infant who had suffered a collapsed trachea. The procedure 
relied on scans and 3D printing, which saved the child’s life. 

The third category of medical usage has been very controversial as it 
is involved with directly creating human tissues. The initial stages lead to 

the printing of meat tissue 
of animals that was con- 
sidered suitable for eating 
and could be useful towards 
the world’s hunger prob- 
lems but the real victory 
has come with functional 
organic live human tissue. 

Scientists have used 3D 
printers to create functional 
liver tissue in the lab which 
are reactive for drug testing 
and surgical practice. Due 
to the ethical and moral concerns over the application of the technology, 
the move towards replacement organs is still slow but is predicted to be a 
reality some point in the future. 



Experiments to make a bionic ear using 3D printing are 
already underway and successful. 



Knees and bone joint replacements are identi- 
cal to the ones that are being replaced. 
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Space Exploration 

Just as the last big boom in technological innovation came at the hands of 
space exploration, it isn’t surprising that space is proving to be the next testing 
ground for 3D printing as well. With NASA and private business’ partnering 
to install 3D printing facilities in the International Space Station, dreamers 
believe it will be a critical step towards colonisation in the long run. 

So far everything that humanity has sent into space has been made on 
Earth, it may no longer be the case once the goal of 3D printing in space is 
realised. Objects launched from Earth are not only meant to function in zero 
gravity but also withstand the journey to space which involves launch vibra- 
tions and g-forces. But by manufacturing objects directly in zero-gravity a 
whole new range of functionality, flexibility and utility may be achieved. 

By taking advantage 
of the zero-gravity or 
micro-gravity environ- 
ment, engineers and 
designers can create 
objects that would not 
be functional on Earth 
but perfectly efficient 
in space. In addition to 
which, the on-demand 
nature of 3D printing 
would put to ease any 
concerns of spare parts, repairs, costs and even food. But so far these attempts 
are in the experimental stages, the creation of a microgravity friendly 3D 
printer has itself been a struggle as it needs to be compact, secure, safe, launch 
ready and materials adaptable. 

After numerous failed prototypes a solution has been achieved and is in 
the process of implementation. Designed by “Made in Space”, the 3D printer 
has been approved by NASA engineers and will be sent to space in 2014 to 
manufacture the first object outside of Earth. Plans to launch an updated 
advanced version of the next generation 3D printer by “Made in Space” is 
already in play with a scheduled 2015 launch date. EJ 



3D printing in space is already a reality and marks a big 
step towards space colonisation. 
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OPEN SOURCE 
3D PRINTING 

Now that you’ve seen how useful and 
game changing a 3D printer can be, let’s 
look at some revolutionary Open Source 
3D printing projects 

F or revolutionary technology to be effective, it has to be afford- 
able. The same applies to 3D printers; if it has to change the 
world, it must be cheaply available to the masses. In this chapter, 
we’ll take a look at some Open Source 3D printing technology 
projects that aim to make 3D printing more affordable and bring it into 
our households. 
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Open Source hardware - A quick definition 

Just like its software counterpart, an Open Source hardware device is avail- 
able for anyone to copy, modify, manufacture and sell. There are no royalties 
or payments associated with it. The design’s origins must be acknowledged 
by anyone using it and should allow anyone else using it the same rights. 
Let’s now look at the various 3D printers in the open source category. 

1. RepRap 3D printer 

The ‘Replicating Rapid Prototyper’ or ‘RepRap’ is one of the most widely 
used desktop 3D printers that prints plastic objects. Many of the parts of the 
RepRap printer are made of plastic, and it can print a duplicate version of 
itself (the plastic components). The version ‘Mendel’ is named after Gregor 
Mendel, the father of modern genetics. It uses the Fused Filament Fabrica- 
tion (FFF) technique (see Chapter 2) to print 3D components. The total cost 
of making the Mendel, including the electronics and motor, is around $520. 
It weighs around 7 kgs and can print at the speed of 15.0 cm3 per hour. The 
printing material used by the Mendel is PLA (a biodegradable polymer), ABS 
(a commonly used thermoplastic) and HDPE (a commonly used plastic). 

The RepRap 3D printer was conceived as a complete printing solution 
rather than just a piece of hardware and so, to this end it comes bundled 
with the open source RepRap software with which you can design parts 
and print them using the printer. In fact, The RepRap printer uses the 
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input material in the form of a filament which it melts and forces through 
a thinner nozzle (the printer head) and lays it on the printed model where 
needed. The printer head moves along the X-Y axis of the design. 

The RepRap Project is quite famous and many variations exist now which 
were built upon the original RepRap. The RepRap can print thousands of 
components limited only by the designs available. It can print complex 
objects, including scientific equipment, which would normally require 
industrial infrastructure. 

Currently, the RepRap can only replicate its plastic components but its 
future target, over its evolutionary variations, is to achieve 100 per cent 
self replication. 

2. Eventorbot 

The mission of the Kickstarter project ‘Eventorbot! open source 3d printer’ 
by Duy Dang was to build a rigid, low cost 3D printer and it managed to 
achieve just that. The Eventorbot has a rigid frame and is made up of a 
single, long square tube that’s bent into a ‘U’ shape. This structure allows 
the Eventorbot to maintain rigidity making it less affected by vibrations 
while printing. The hollow tube is around 2.5” of square steel frame which 
also enables it to conceal wiring, thereby avoiding a mess of wires and 
looking aesthetic at the same time. It almost looks like a professional 3D 
printer. Eventorbot also eliminates around 40 per cent of the parts and costs 
required to assemble other 3D printers. The best part: around 80 per cent of 

the Eventorbot’s parts (around 37) 
are printable. The Eventorbot has 
a printing size of around 152mm x 
152mm x 152 mm (the Eventorbot 
1.2 has a build area of 8” x 10” x 
6”). Its nozzle printing precision 
is between 0.1mm-0.5mm. The 
material cost for the Eventorbot 
is between $300 to $500 and the 
assembled cost is around $800. 
The 3D design plans for objects are 
available for free on www.thingiverse. 
com and the Eventorbot YouTube 
channel has a detailed video collec- 
tion on the 3D printer’s assembly. 
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3. ReplicatorG software 

Speaking of open source hard- 
ware, what good would it be if it 
didn’t have a solid open source 
software to back it up? Intro- 
ducing ‘ReplicatorG’, the easy-to- 
use open source 3D printing pro- 
gram which powers many open 
source 3D printers. Currently in 
version 0040, the ReplicatorG 
is cross-platform software that 
is available for Windows, Linux 
and Mac. It’s based on Arduino, an open source single-board microcontroller, 
intended to make the application of interactive objects and/or environments 
more accessible. For its operations, ReplicatorG uses Geode, which is a 
control language for CNC machines. 

Using the ReplicatorG is as simple as installing it, connecting the printer, 
loading the STL files, configuring the print settings and taking the printer 
for a spin. There are plenty of files on Thingiverse.com to get you started 
with 3D printing. 

4. TantiLLus 

With 3D printers becoming a rage, more people are open to the idea of on- 
the-go printing. This presents the problem of portability, with a majority of 
printers being big and clunky. This problem was solved by the ‘Tantillus’, 
a portable open source 3D printer 
with a compact box- shaped design. 

The Tantillus can print its entire 
case, which fairly brings it into the 
category of self- replicating printers. 

It’s quite compact with dimensions 
of 240mm x 240mm x 300mm and 
weight of just 4 kgs (including the 
power supply). One great feature of 
the Tantillus 3D printer is that you 
don’t even need to connect it to a com- 
puter to take prints as you can print 
via the LCD screen and SD card on 
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it. The printer has a build area of 100mm x 100mm x 100mm and it can 
print in high resolution. Most items available on Thingiverse can fit on 
Tantillus’ platform. The external power supply also allows for printing 
via battery power. 

Interesting facts: The Tantillus was designed entirely using open source 
technology. It was modelled using the Blender mesh-modelling and ani- 
mation program. Open source 3D printers such as Prusa, Thing-o-matic, 
Tantillus and Citadel Mendel were used to print the printer’s prototypes 
with the help of open source software to power the machines. Even the 
computers used to design the models and the website used open source 
operating systems such as Mint 12 and Ubuntu. Openscad, the modelling 
program was used to make SVG files from STL files and all image modifica- 
tion (2D) was done using GIMP. 

5. ULtimaker 

The ‘Ultimaker’, like many others, is based on the RepRap project and is 
currently in its second version. Created in 2011, this 3D printer quickly 
became one of the most popular ones out there. The latest version Ultimaker 
2 has an increased print volume, reliability and is more user-friendly. The 
company states that the designs are open source and can be modified by 

The Ultimaker is one 
of the fastest 3D printers 
around and can print at 
the speed of 30-300mm/s. 
It can print with an ultra- 
high resolution of 20 
microns (0.02mm) or a high 
resolution of 60 microns 
(0.06mm) and medium 
and low resolutions of 100 
(0.1mm) and 200 (0.2mm) 
microns, respectively. The build volume of the printer is 225 mm x 225 mm 
x 205 mm. It weighs around 11.2 kgs and is available fully assembled unlike 
its previous version, which was also available as a DIY kit. The assembled 
printer costs around $2,750. 

The Ultimaker uses its own open source software called ‘Cura’ to print. 
It’s quick to understand and novices can print with ease. It also has advanced 


anyone, but only for non-commercial usage. 
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options for those who seek them. It has an easy-to-use interface and can 
prepare files of up to 20 microns for printing. The software is available for 
Windows, Ubuntu and Mac OS. It can print from SD cards and is Wi-Fi 
ready. Ultimaker later plans to release an upgraded model, which will have 
dual printing heads. 

6. Michigan Technological 
University’s open source 
3D metal printer 

The Michigan Technological Uni- 
versity (MTU) has upped the ante 
by developing an open source 3D 
metal printer costing less than 
$1,500 to build. This price tag is 
dramatically lower than commer- 
cial 3D metal printers, which can 
cost around half a million dollars. 

Anyone can create their own 3D metal printer as MTU has made the detailed 
plans and software available as open source. 

The 3D printer consists of a small commercial gas-metal arc welder and 
an open source microcontroller. Here, the extruder is made up of the welder, 
which melts metal wire and deposits drops of liquid metal in layers. This 
allows it to create complex geometric structures. In the future when this 
device is improved upon, it could be used to print items that range from 
household objects to custom lab equipment. The lab’s report states that with 
some additions it may be possible to use aluminium as the printing material. 

7. Fab@Home 

‘Fab@Home’ is a platform of printers that can build dynamic 3D objects. Its 
purpose is to make real, usable objects. Case in point being a working flash- 
light printed by Fab@Home. The Fab@Home printer is not self-replicating 
like some other printers and is geared towards printing static and dynamic 
objects. It is also easier to put together than many other printers. This printer 
uses a wide variety of materials to print the object layer by layer. The mate- 
rial can be in liquid or paste form, as long as it can be squeezed through 
its syringes. Some of the materials that have been used until now include 
chocolate, cheese, epoxy, gypsum plaster, PlayDoh and ceramic clay mixed 
with water. As part of a demonstration related to printing body parts, the 
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printer was also used to print an ear 
out of silicone gel. It has also printed 
ice, metal and a replacement bone. 
Depending on the material, the appro- 
priate hardening method is employed 
(among other options, this can be heat 
or UV rays). 

The Fab@Home project intends 
to bring personal fabrication to every 
household to ensure that everybody 
can give shape to their ideas. Cur- 
rently, you can create miniature models, food items and items with electrical 
parts. The Fab@Home printer is in its second version with a better design, 
reduced cost and build time than the first. 

8. LulzBot TAZ 

It may sound like an internet troll but the RepRap style ‘LulzBot Taz’ is 
definitely not one. Although, the LulzBot TAZ costs $2,194, it’s worth every 
penny. LulzBot TAZ gives you a wide variety of printing material options 
such as ABS, PLA, HIPS, PVA, translucent plastic, glow-in-the-dark, wood 
filament; and with add-ons, nylon, polycarbonate and more. You can also 
print without a computer as the printer comes embedded with an LCD 
screen and an SD card slot. The TAZ comes with a 0.35mm nozzle with 
additional, interchangeable options available. LulzBot has included the 
designs for a model with dual extruder online on its website LulzBot.com. 
It prints with a layer thickness 
of 0.075 mm-0.35 mm, which is 
changeable with the optional 
0.75mm nozzle. It also has a 
good print speed of 200 mm/ 
sec and can print on an area of 
298 mm x 275 mm x 250 mm. 

Weighing 11 kgs, it’s portable 
enough to be carried around. 

The LulzBot TAZ is an open 
source printer and therefore 
has good community support 
and can be improved upon 
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by anyone. Maintenance won’t 
be an issue as you can print your 
own replacement parts and custom- 
isations. The software for LulzBot 
is compatible with Linux, Mac OS 
and Windows. 

9. PrintrBot Simple 

The ‘Printrbot Simple’ is a simple, 
cheap RepRap-based 3D printer, 
which is easy to build and use. The 
kit costs between $299-$349 while 
the assembled version costs $449. 

One of the cheapest open source 3D printers out there, the Printrbot Simple 
also weighs less at 4 kgs. However, the build volume of the Printrbot Simple 
is lower compared to other 3D printers and stands at 101.6 mm x 101.6 mm 
x 101.6 mm. The Simple doesn’t come with its own software but works very 
well with open source solutions such as OpenSCAD (for designing), Slic3r 
(to generate G-Code from STL files), Repetier (to load STL files, interface 
with Slic3r and drive the printing process ) and ParaView (for visualising 
and retouching a model). If you intend to buy the filament cartridge from the 
manufacturer, it will cost you around $30 - still cheaper than other printers 
like Ultimaker. Also, the printer head on the Simple is limited to one while 
other printers can have 2-3 printer heads. It has an average printing speed 
ranging from 60-65 mm/sec but with a good resolution of 0.1 mm of layer 
height, which is amongst the best. 

10. Litto 

The sleek-looking ‘Litto’ printer has an unobtrusive framework and gives 
easy access to the build platform. This compact printer features easy-to- 
use software and delivers quick printing. It can print objects with a build 
volume of 134.6 mm x 119.3 mm x 175.2 mm. Litto has a layer resolution of 
0.1 mm-0.3 mm and it can print with PLA (also ABS, but it isn’t officially 
supported). Litto uses the Coordia software, which is compatible with 
Windows and Mac OS. The software makes it easy for beginners to create 
or modify files for printing. The Litto can be connected to a computer or can 
also print files from an SD card. With a cost of $999 for a DIY kit (or +$300 
for an assembled version), the Litto comes across as an expensive printer. 
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11. Ditto+ 

The elder brother of the Litto, the ‘Ditto+’ 
costs $1,249 for a DIY kit (or +$300 for 
an assembled version) but excels with 
a bigger build volume of 210.8 mm x 
185.4 mm x 228.6 mm. Weighing 7 kgs, 
its body is made of Birch plywood, 
making it easier to lug around unlike 
printers constructed of aluminium or 
steel. Like the Litto, the Ditto+ can print 
with a print resolution of 0.1 mm-0.3 
mm with PLA and ABS (not officially 
supported). It uses the same software, 

Coordia, as Litto for its printing operations. For printing, you can either 
connect it to your computer or save the files to an SD card and directly use 
it with the printer. 

12. Prusa i3 

The ‘Prusa i3’ is based on the open source RepRap project and is currently 
in its third iteration. Named after Josef Prusa, an early contributor to the 
RepRap project, the Prusa i3 has enhanced frame rigidity and is easy to 
assemble. It is available in three variants: aluminium single plate frame, 
gusseted wood frame and box wood frame. The aluminium single plate frame 
and the gusseted wood frame are designed to be manufactured by using 
laser cutters, waterjet or CNC Mill while the box wood frame is designed to 

be manufactured with 
basic woodworking 
tools. The print volume 
of the single frame is 
around 200 mm x 200 
mm x 200 mm while 
that of the box frame 
is around 200 mm x 
200 mm x 270 mm. 
Building the Prusa i3 
can cost you anywhere 
between $334-$l,290. 
Regardless of whether 
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you prefer to buy a kit or an assembled model, there are plenty of vendors 
who manufacture the Prusa i3 and you should have no difficulty finding it. 


13. DeltaTrix 3D printer 

The ‘DeltaTrix 3D printer’ is built on the delta robot platform (it consists of 
three arms connected to joints at the base and the use of parallelograms in 
the arms maintains the orientation of the end effector). With this design, 
only the printer heads need to move and not the work piece. This helps 
achieve faster printing speed. It uses an LCD display and an SD memory 
card to print models. There is no need to attach it to a computer. 

Currently, it uses Repetier (software on PC) and Marlin (firmware) on 
the RAMPS electronics. The DeltaTrix 3D printer can print with PLA and 
ABS. The printing area is around 280 mm in diameter and 280 mm in 
height. The nozzle size is 0.3 or 0.5 mm. The future goals for this Kickstarter 
project are to introduce automatic levelling by means of an optical sensor 
and provision for dual printer heads assembly. 


14. RepRap-based Prusa 
Mendel 

The ‘Prusa Mendel’ is easily the most 
widespread open source 3D printer 
based on the RepRap project. Angad 
Daryani, a 15-year-old Mumbai resi- 
dent went ahead and built a Prusa 
Mendel as buying a 3D printer would 
have been very expensive. The Prusa 
Mendel uses the Fused Filament 



Fabrication method of printing. The 
extruder employs stepper motors to 
extrude plastic and uses four main plastic parts. RAMPS is the 3D printer’s 
electronic platform. Aangad used the Google SketchUp tool as a 3D design 
tool and Pronterface as a software control panel to control the various 
aspects of the printer. Angad aims to sell assembled printers at under Rs. 
20,000 - the cheapest 3D printer in India. 


15. Graber i3 3D Printer 

The ‘Graber i3’ 3D printer by Evotech Robotics is a variant of the popular 
Prusa i3 and is built to be more stable and easy to assemble and maintain. 
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It can print using PLA and ABS, with a resolution of 0.1 mm. Also included 
is a micro SD slot, which enables you to print directly from the printer. 
Precision chrome hardened shafts are used in the machine along with the 
pulley and belt specifically designed for linear motion. The Graber i3 has 
a build volume of 200 mm x 200 mm x 200 mm and a nozzle diameter of 
0.4 mm. The size of the machine without the spool and power supply is 45 
cm x 35cm x 38 cm. The Graber i3 kit costs around Rs.33,749 and is a good 
alternative to all the expensive 3D printers out there. 

16. MendeLMax 2 

It is a complete reinvention of the ‘Men- 
delMax’, which in turn is based on the 
Prusa. The MendelMax2 is faster, easier 
to source and has fewer parts. The frame- 
work has aluminium extrusions and flat 
plates. The printing area dimensions of 
the MendelMax 2 are 230 mm x 310 mm 
x 225 mm and its maximum print speed 
is 150 mm/sec. It can increase depending 
on the part bring printed and the mate- 
rial used. 



17. Mix G1 Plus 

One of the most affordable and high-precision 3D printers, Mix G1 Plus is 
based on the RepRap project. It costs around $549 for a kit and has print 
dimensions of 160 mm x 160 mm x 160 mm. It supports a minimum layer 
thickness of 0.1 mm and nozzle diameter of 0.30 mm and printing with 
PLA and ABS. It weighs around 7.8 kgs and supports printing through an 
SD card. It’s compatible with Windows, Mac OS and Linux. TJ 
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OWN 3D 
PRINTER 

With 3D printers at the brink of 
becoming a household item, here's a 
quick gide for the early adopters who 
want to make a 3D printer before it 
becomes ‘mainstream’. 
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M oney no object, we’d all be rolling in 3D printers, albeit while 

facing some mild discomfort due to the sharp edges and stray 
3D prints but rolling in them nevertheless. Since money is 
the constraint, let’s follow the motto of ‘if you can’t buy it, 
make it’ and make ourselves some 3D printers! 

While you can find the used 3D printers online on the cheap and a few 
models like the OneUp 3D printer available for pre-order for about $200, 
for those who do want to make one themselves, we’re going to be walking 
you through the process of making your own 3D printer. 

To begin with, you have to understand that there are quite a few different 
types of 3D printers. You have some (more mains stream) printers that have 
a heated nozzle and a filament is melted and layered vertically. Others use 
a powder and a laser melts the particles to create an object and some even 
harden resins to create the object. 

In the interest of simplicity, let’s look at the first type we mentioned, 
which also happens to be rather popular too. FDM or Fused Deposition 
Modelling is the same technique used by big names like Maker Bot and the 
wallet friendly open source, DIY names like RepRap as well. 


So you want to build your own RepRap 3D Printer. 



We’re going with RepRap because they’re a pioneer when it comes to the 
world of 3D printing for the masses and have a community base so large that 

most superlatives would 
end up not doing enough 
justice. So if anything goes 
wrong, one can safely 
expect a quick, response 
from somebody who has 
been there, done that. 

The icing on the cake 
is really the fact that the 
RepRap can print its own 
parts and in a way, it can 
actually pay for itself 
and replacements parts 
are going to be a breeze 
for the ones with enough 
The RepRap Prusa Mendel foresight. If your friends 
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own a 3D printer, you can find all the printable parts at reprap.org/wiki/ 
Prusa_Mendel_(iteration_2)#Printed_Parts and make all the parts yourself. 

The RepRap Prusa Mendel 2 is what we are building as it is the easiest 
to put together and gives you the advantage of having a full sized 200mm 
x 200mm x 100mm work space. While the RepRap Prusa Mendel may 
be the easiest to build, it is still complicated and would require over 40 
hours of work to actually build it. This article is intended to so present a 
detailed overview of all the components the Prusa Mendel contains and 
how they work. It would also help one familiarise themselves with how 
3D printers work. 

What should your shopping list contain? 

While the entire list is easily available at reprap.org/wiki/Prusa _Mendel, 
the Prusa Mendel is made up of: 

1) The Frame 

2) The X, the Y and the Z axis with their rails and brushings 

3) The Extruder 

4) The X Carriage 

5) The Print Plate 

6) The Electronic Components 

7) Stepper Motors and their controllers and 

8) End Stops 

9) Filaments 

10) Programmes 

The Frame: 

The frame is comprised of two triangle shaped structures erected facing 
each other and joined with the same threaded rods that make the triangles. 
These parts are held together using printable parts. On this structure we 
will be mounting the X, Y and Z axes using 
even more printable parts. 

Smooth rods that serve as rails for the 
Z axis will be installed vertically on the 
outside of the frame while the Y axis’ rails 
will perpendicular on the inside. 

The Axes 

In the Prusa Mendel when viewed head on, 
the X axis moves left to right, the Y moves 



The Frame 
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back and forth and the Z axis moves up and down. While the X and Z axis 
movements are executed using the same structure, the Y axis, which also 
doubles up as the base moves independently. All three axes are mounted 
on rails and run over them so the axes need to be mounted on brushes. 

The brushes can either be printed or the sturdier alternative would be 
to use brass brushings. 

Interesting fact: Brass has the least friction and is self lubricating. 
Whodda thunk it? 

The X, Y and Z axes are controlled by stepper motors, with the Z axis 
requiring two of them. While it is up to the builder to choose the specifica- 
tions of the motors for each axis, we and the rest of the RepRap community 
would advice that you stick to two motors of the same specs when it comes 
to the Z axis. 

In the case of the Prusa Mendel, the X,Y and Z axes can travel across 
the work space and print an object up to 200mm x 200mm x 100mm in 
length, breadth and height. 

The Extruder 

‘To extrude’ means to thrust or force out, so this part’s function is sort of self 
explanatory. The extruder is the money maker when it comes to a 3D printer. 

It is made up of a brass bolt with 
a hole drilled through it. The hole 
is around 3mm at the end through 
which the filament is fed through 
and the melted filament comes out 
the other end through a hole that is 
less than a millimetre across. 

The Prusa Mendel’s extruder 
is called the Wade’s extruder or a 
Wade’s geared extruder. It com- 
prises of a hot part and a cold part. 
The cold part is separated from the heat by a heat shield so that the filament 
doesn’t melt when it doesn’t need to. While it’s possible to build an extruder 
from scratch, it’s a lot easier to pick one up online. Ebay has extruders for the 
Prusa Mendel in a price bracket of $25 to about $70 if it comes with a motor 
for controlling the extrusion. $13 if you want to piece one together though. 

An interesting thing that comes to mind here is the 3Doodler, a 3D print 
pen which extrudes plastic and allows the user to ‘doodle’ in 3 dimensions. 


7 





The Business End a.k.a The Extruder 
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It’s available for pre-order on their website and from their videos, seems 
like a lot of fun. 


The X Carriage 

The extruder and its motor are 
mounted on a part called the X Car- 
riage (yes, it’s printable too). The X 
Carriage runs travels across the X 
axis on smooth rails and is powered 
by a belt driven stepper motor. 

The entire X axis comprises of 
two X end idlers which are non- 
identical (printed parts again). These parts contain slots for the entire 
assembly to move across the Z axis using belt driven stepper motors 
mounted on the top two vertices and the stepper motor that controls the X 
axis is mounted on the left X end idler. 

The Print Plate 

The print plate is a two part structure and is basically two flat surfaces 
stacked one on top of another. While the bottom surface is mounted on 
the rails and runs back and forth, the actual printing surface is mounted 
on top. The Y axis is controlled by a stepper motor and a belt drive as well. 
Needless to say, both surfaces must be completely level. 

The upper surface is where the printing actually happens and is mounted 
using screws which are placed inside springs. The springs help level the 
printing surface. 

Because the print surface cools over the course of the print, the chances of 
the model warping, cracking and shattering very much exist. This is because 
the inner and outer sides cool at dif- 
ferent level. As the outer side can cool 
faster than the inner side which has 
the advantage of being able to stay 
insulated and keep the heat in, the 
model warps and is rendered useless. 

This can be avoided by using a 
heated print plate. These print plates 
can go as high as 100 degrees Celsius 
and needless to say, be warned and 




The X carriage mounted on the X axis 
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don’t touch. These plates are easier bought than made but making them is 
so much cheaper. You can find everything you need to build your heated 
bed at reprap.org/wiki/Heated_Bed 


The Electronic Components 

Now it’s time to discuss the meat of the printer or as the rest of the RepRap 
community likes to call them, the electronics. Obviously the entire 3D printer 
would need some sort of firmware to recognise where it needs to print and 
the objects dimensions. There is a whole list of components available to 
pick from at reprap.org/wiki/Comparison_of_Electronics 

The top three though are the RAMPS (mounted on an Ardino Mega), 
the Sanguinololu and the Gen7 

The RAMPS has been around for a long time and a lot of people have 
contributed to its development. The Sanguinololu is cheaper and simpler 
and the Gen7 is a feature rich DIY project on its own. Both the Gen7 and 
the RAMPS have a whole bunch of add-ons available too. 

The stepper motors can be controlled with either Pololu stepper control- 
lers or StepSticks which are mounted on to the boards There are of course 
cheaper ones available on Ebay and you can find a list of all the places that 
sell pre assembled ones at ‘reprap. 0 rg/wiki/RAMPS#H 0 w_t 0 _get_it’ 

Both boards are plugged in to your computer via a USB cable but if your 
board comes with a micro SD card then you can print the .stl files directly off 
the card. If in the event you choose to go for the Sanguinololu, make sure it 
comes preloaded with an ATMega microprocessor comes with the Sanguino- 
lolu boot loader installed. It’s possible to load it yourself using a boot loader 
but it’s pretty complicated. The smarter thing to do would be to ask the seller. 


The Stepper Motors 



The stepper motors are what move the printer across the axes. There are a 
total of five motors controlled by four controllers. The X & Y axes and the 

Extruder all use one motor each and the Z 
axis is controlled by two. While the rest of 
the motors may be of different specs, the Z 
axis motors have to be identical or your Z 
axis might not move properly. 

What the stepper motor does is it runs 
the motors through tiny steps or micro- 
ILike to move it move it. steps making it easier to control. The 
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stepper motors are connected to the Pololu stepper control. If you are 
assembling your own board, you can pick them up for about $5 a pop. 

The End Stops 

The end stops are the places in the print area where the X,Y and Z coordi- 
nates are (0,0,0). On the X axis it is at the left most extreme, Y is as far back 
as the print plate can go and Z is almost touching the print plate. In fact the 
Z axis jumps up a little bit before beginning to print. 

One end stop per axis is enough and the firmware installed in the micro- 
processor will automatically know how far each axis is allowed to move 
from zero. 

The end stops could either be mechanical or optical end stops but the 
Reprap community seems to have a 
leaning towards mechanical ones. 

Filaments 

After the extruder, arguably the most 
important part in any 3D printer is 
the filament. ABS (Acrylonitrile 
Butadine Styrene) plastic and PLA 
(Polylactic Acid) are the two most 
common types of plastics available 
and each has its own advantages. 

While ABS plastic is the more 
durable of the two, PLA is a low more flexible (ABS is actually quite rigid) 
and is biodegradable. 

The only flipside to PLA is that it responds poorly to heat and meets the 
same fate as the Wicked Witch of the West when mixed with water, when 
the thermometer goes north of 50 degrees Celsius. 

The flipside to ABS is that because it is so rigid, it’s more prone to warping 
so a wise choice we would guess would be to invest in a heated base. 

The key to good quality printing is really in the balance between the rate 
at which the plastics are extruded, the temperature of the hot-end and the 
speeds at which the extruder moves across the axes so try to play around 
with the variables. Start from a slow speed and work your way up. 

The Filabot is a system that allows the user to make the filament at home 
and according to them, save up to 90% on filament costs. It’s pretty flexible 
too and produces filaments of ABS and PLA of varying thicknesses. You can 



Available in more colours and opacities 
than you can imagine 
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either put in together or buy it prebuilt 
and with the soon to be released Filabot 
Reclaimer, you can convert old projects 
in to filaments too! 

Phew! Now that that’s out of the way, 
let’s talk about dispensing the filament, 
A lot of people have come up with a lot 
of clever, inventive ways to dispense 
the filament but an easy way developed 
by the author (patent pending by the 
way) would be to make one with a few 
threaded rods. Imagine two triangles joined by more rods (very similar to 
the frame of our printer). The spool of filament would be threaded through 
the connecting rods and get dispensed by the extruder. 



Programmes 

To actually build your model, you will need three programmes at the most. 
One will be a CAD programme to actually make your model, one will convert 
the model in to G-code and the third will communicate with the printer 
and produce the model. CAD programmes are numerous. While you can 
pick the one that suits your needs best from reprap.org/wiki/Useful_Soft- 
ware_Packages#2D_and_3D_CAD_software, a few open source ones worth 
talking about would be Blender, FreeCAD and Shapesmith. 

Blender is a really powerful open source 3D animation suite which also 
allows the user to sculpt objects. It is entirely community driven which has 
led to a lot of bug fixes and there are also a whole bunch of training DVDs 
you can purchase and help support Blender. 

FreeCAD, like Blender works across multiple operating systems and is 
more suited for 3D modelling. Its official website freecadweb.org has all the 
resources you would need to get started. 

Finally, Shapesmith is a browser based programme and because your set 
parameters to compose your 3D object, it takes less time to make the objects. 
The only down side is the fact that you can’t exactly sculpt your objects here. 

Other free but closed source applications you can look at are SketchUp 
which is supremely easy and super intuitive to use and Rhino which is 
favoured by the jewellery desigining community. The only caveat with 
Rhino is the fact that you can save a total of 25 times before the save feature 
is disabled and you will need to purchase a license. 


■I AT" 


MAKE YOUR OWN 3D PRINTER 


61 


The most important thing to remember is that the 3D object is printed 
layer by layer. This means that the .stl file needs to be converted in to a lot 
of individual layers as a G-code file. Here is where Slic3r and Skeinforge 
come in to play. While Slic3r is newer and isn’t as reliable as Skeinforge, 
it’s much easier to use and spits out G-codes faster than you can say Fused 
Deposition Modelling (only kidding). Also, unlike Slic3r, Skeinforge needs 
Python to be installed on your computer to run it. 

With your G-code file ready, the only step left is to send it to the printer 
and here’s where ReplicatorG comes in to use. This is the same software 
that is used by Maker Bots, RepRaps and CNC machines alike. With tens of 
thousands of successful prints, this would be your best bet. 

Other noteworthy mentions would be Red Snapper and Printrun 
or Pronterface. 

Bonus: Other 3D printer types 
and their plastics 

While printers like out RepRap Prusa 
Mendel and quite a few others use fila- 
ments and follow a process called Fused 
Deposition Modelling (FDM), but there 
are a few DIY printers out there. Stereo- 
lithography is where you use a laser to 
heat and solidify a resin to build a model 
Formlabs’ Form 1 being a good example and instead of a bottom up approach 
to printing used by the RepRap, The SLA (Sereolithographic Apparatus) 
takes a top down approach. The resin is a photoplastic that cures with the 
help of UV light and the SLA requires a tank full of that stuff. 

A small portion on the surface of the bath is cured. A perforated platform 
slowly lowers itself across the depth of the tank to expose more resin, layer 
by layer to the laser. 

The point in favour of SLAs is the fact that your model will be ready 
much faster when compared to an FDM printer but it’s going to set you 
back a lot more. The resin alone would set you back about a $100 for a litre 
and built machines would cost as much as a Mercedes. 

There are a few DIY projects but it tends to get a little complicated and 
isn’t as straightforward as the RepRap. 

Other 3D printing technology range from the use of electron beams to 
carbon dioxide lasers and ytterbium fiber lasers (are you s#!++ing me?) and 



Photoplantastic! 
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unless you are deep in to medical trans- 
plants and aerospace engineering, you 
should stick to the FDMs and the SLAs. 

Additional Bonus: What to 
expect in the near future 
Biodegradable Lunchboxes 

One really awesome thing we can 
expect is the gradual weaning away 
from petroleum based plastics. The 
good news is that our eco-friendly 
plastic- PLA is now food grade! Scientists at Taiwan’s Industrial Technology 
Research Instituite have developed a type of PLA that doesn’t become a pile 
of mush when heated and can be used to serve food. What they have done 
to achieve this is that they have developed a non-toxic nucleating agent that 
accelerates the crystallization rate of PLA. Why this is important is because 
PLA is derived from grains and sugarcane and is supremely green. The 
icing on this 3D printed cake is the fact that it is possible to derive this type 
of PLA from lactic acid too! 

Where can I find more? 

The entire RepRap community and all future developments in their models 
are available at reprap.org. You can find detailed videos explaining how to 
construct and troubleshoot your RepRap Prusa Mendel. 

Are there any alternates I can consider? 

You could take look at the Eventorbot by RepRap or the Prusa Mendel i3. 
Both have a better finish with all the wires and motors hidden away but 
are slightly more complicated to construct. 

Printbot makes a bunch of kits that only require assembly and are not 
that bad on the wallet but one also needs to factor in shipping costs and 
like I mentioned before the OneUp and TwoUp 3D printers are also really 
good alternatives but they comes fully assembled so the fun of building 
your own 3D printer is lost. 

I don’t think I will be able to do this! 

If these are the words running through your mind then slap yourself and 
let these awesome people who have done it before inspire you. 



Spoil your kids with a new Lunch box 
every day 
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The first on our list is 
Afate Gnikou, a native of the 
Togolese Republic, Afate, 
after being fascinated by 
the capabilities of a Prusa 
Mendel, decided to build his 
own 3D printer using all the 
e-waste from Europe that 
gets dumped in open landfills 
there. After coming through 
these scrap yards, salvaging 
parts from old scanners and mainframes, Afate finally managed to build 
his first working prototype after six months of toil. The first object this 
literature graduate (that’s right, he has no background in engineering or 
science) made was a pen stand with the words ‘droit a rever’ or right to 
dream inscribed on it. 

The second person on our list is 15 year old prodigy Angad Daryani, who 
assembled his first RepRap at the age of 13. He has subsequently developed 
his own DIY 2D printer, SharkBot and sells them. 

The final entrant on our list of inspirational people is Instructables 
user Mastermind. Being a engineering student with who didn’t have a few 

hundred dollars lying around, 
he used his old legos (there were 
lying around) and using a hot 
glue gun and the kind of motors 
camcorders use to move the lens 
back and forth and built his hot 
glue 3D printer. Since this is just 
a prototype, the possibilities for 
this design are limitless and 
there’s some serious stuff we 
can expect. 

Well, we hope we have 
included all the important things required to build your own 3D printer. 
You can find all the resources you might need at reprap.org. 

Good bye and good luck! Q 



The LEGObot by Mastermind 



The Eventorbot 
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DESIGNING 

SOFTWARE 


Software is the critical step between 
the imagination and the 3D reality. We 
walk you through the software options 
available for exploration. 


W e’ve already discussed the workflow and elements that 

go into making 3D printing a revolutionary technology 
But beyond its mechanical hardware innovations lies the 
implementation software that makes it all happen. Over 
the last few years the prevalence in computer aided design software’s has 
moved beyond the commercial user segment and into the consumer space. 


tfwTicdiSit ClY" 






DESIGNING SOFTWARE 


65 


This unprecedented access through free services like Google SketchUp and 
other similar initiatives is allowing even casual users a look into what was 
once a specialised took 

In the world of design, software is used in all fields; from architecture 
to medical sciences. The manufacturing industry is now significantly 
dependent on the benefits computer aided software provides and devel- 
opments in design software’s is as prolific as any other technological field. 
This innovation has come about over the last few decades to a point where 
it’s applications in 3D printing are making it possible for even home user’s 
a doorway into designing their own products. To better understand its 
importance and usage in 3D printing we shall take a walk-through a brief 
history of its development and assess the softwares available, both com- 
mercial and open source, in this chapter. 

History of 3D Printing Software 

As we know, computer aides software’s or CAD softwares, are an intrinsic 
part of the 3D printing workflow. But more than that, they are the very 
seed from which any 3D printing project blooms. The best way to consider 
a CAD software is as the equivalent of word processing softwares used to 
print text files. 

The original creation 
of CAD began in the late 
1960s and was mainly used 
for creating blueprints for 
building design. Priced at 
nearly USD 500,000 by the 
Control Data Corporation, 
these software embedded 
machine mainframes with 
not only a giant piece of 
hardware but also a remark- 
able leap over manual hand designed methods, capable of rendering a 
design model in less than a minute. Interestingly, today’s basic cell phone 
processors can accomplish the same task over thirty times every second. 

By the early 1980s a company called Autodesk was in the process of 
taking this software segment generations ahead. Their goal was to create 
a revolutionary software that would be faster, more powerful and most 
importantly - cheaper. This was the first ideation of the “word processor 



An ancient relic compared to today's slick Autodesk 
products, MicroCad was a breakthrough of its time. 
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for drawings” which could be run of simpler office computers and not giant 
mainframes. It was around the same time that the first stirrings of a 3D 
printer were being experimented. The link-up between these two technolo- 
gies - software and hardware - became the critical symbiosis leading upto 
the current 3D printing revolution. 

Autodesk launched its MicroCAD software by the mid-1980s and it 
became an industry wide success. The ability to use smaller, cheaper com- 
puters to create design solutions made the accessibility to software aided 
design a boon for the next three decades. 

The Logic of Three Dimensional Design 

The last three decades have seen a variety of CAD softwares come to existence 
with varying degrees of success. The innovations within these iterations 
have been to make the software keep pace with the scale of human imagi- 
nation - constantly evolved to be faster, more precise and more affordable. 
However, there has always been a barrier of entry for those who wish to 
use these softwares for personal fulfilment. We will use this section of the 
chapter to present you with a brief primer on three dimensional design 
using a software interface to make it easier for ever the very beginners to 
experiment with CAD softwares. 

The method in which we humans perceive and articulate data has always 
been of interest, but never more so than when we wish to teach a machine 
to do it for us. When it comes to dealing with concepts like numbers and 
logic, we have seen roaring success, with softwares capable of executing 

trillions of calculations every second 
that no human could match. This has 
been accomplished by distilling the 
logical workflow of mathematics to 
computer code and letting the pro- 
gram execute it. It is possible to lay 
out the mechanics of these calcula- 
tions in such a way that anyone, even 
a machine, could interpret them and 
replicate them. But it is not the same 
when we design. 

Arithmetics as a form of math- 
ematics enjoys a far simpler articula- 
tion then even basic geometry. The 


S 


The human mind can easily design com- 
plex objects but its much harder to explain 
the way to create it to a machine. 
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essential feature of CAD software’s is their ability to seamlessly interpret 
geometric information and convert them to binary units. To understand the 
complexity of this process imagine this: what is easier, teaching someone 
using non- symbolic, non-verbal terms (things computers can’t understand) 
the way to add two numbers or teaching someone using non-symbolic, 
non-verbal terms the shape of a gear? 

The level of complexity in programming needed to comprehend the 
human mind’s perception of three dimensional geometric shapes, composi- 
tions, details and designs is not as easily discovered as number theory Since 
the mind has evolved to dynamically render its environments through the 
information from the eyes in three dimensions makes the transferring of 
that information to software extremely difficult. 

This is where design software’s make all the difference. By creating a 
new, efficient and constantly evolving language for computers to interpret 
how the three dimensional world exists is the first step towards making 3D 
printing a reality. The next step is allowing features that would allow users 
to alter and fabricate software based design’s that would follow the rules of 
the real world. With the massive strides in processing power and graphics 
acceleration, we have arrived at a place where software’s are able to distill 
three dimensional designs within their memory with greater accuracy and 
physics than most humans. 

The method with which CAD software’s are able to accomplish this task 
is by capturing the shape of any three dimensional object across the three 
coordinates - x, y and z. For example, a computer can now easily fabricate a 
model of a cube with data on its width, depth and height due to geometrical 
symmetry. But when we begin dealing with complex and irregular shapes, 
such as those found in nature - flowers, rocks, fractal patterns - the pro- 
cess becomes exponentially complex. These “general” physical shapes are 
created as sets of millions or billions of x-y-z coordinates that constitute 
simpler shapes. 

The software is capable of not only storing this vast data sets but also 
interpolating their physical consequences. This ability allows users to 
simply deal with model representations of the code in the form of 3D models 
while the program works out the corresponding calculations. Each tweak 
and alteration in the design made is calculated, adjusted and corrected for 
physically accurate rendering across the x-y-z coordinates. Its important to 
emphasis that even seemingly basic shapes like a cylinder that are vectored 
actoss height and diameter are as complicated as a jet engine design due to 
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the massive coordinate sets that need to be stored for each detail. This level 
of nitty-gritty calculations allows a designer to begin a model as a cylinder 
and tweak it till it takes on the shape of a jet engine, with all its hollows, 
vents, passages, fans and other details. 

As we can imagine and even see for ourselves, the ability to transfer these 
designs for collaborative work is invaluable. Unlike handmade manual 
designs, these designs can be easily augmented just as word processing 
softwares made it easier to edit text without redrafting, similarly CAD 
softwares make it possible for the effort placed in 3D design to be lesser 
and ultimately more efficient. All these features make 3D designs easy to 
share, customise and fabricate by the 3D printing community. 

Evolution of Commercial 3D Printing Software 

The step towards an effective 3D printing software requires two elements 
- modelling design and surface design. As CAD programs evolved the 
major aspect was rooted in ensuring a reliant and accurate object modelling 
program. The need for surface design was never a major concern as that 
is a 3D printing issue and was never envisioned as the original purpose of 
CAD programs. 

Only recently have CAD programs started including 3D printer require- 
ments in their workflow. Since a traditional design file is limited in terms of 
the information it can convey to a printer, 3D printer based CAD programs 
need to include otherwise ignored information. The complexity that 3D 
printers are capable of include replicating not only physical objects made 
of manufacturing materials but also complex biological elements such as 
in the case of printing a human organ. 

Since 3D printed objects are complete pieces rather than individual ele- 
ments that need to be assembled later, the software needs to have the ability 
to not only map the surface of the object accurately but also interpret what 
lies below the surface of the virtual object such as hollows and patterns. To 
fulfil this purpose, there are two main categories of design software’s that 
are used for 3D printing. 

Solid modelling design software are used in the industrial and commer- 
cial segment by engineers and scientists. They employ the use of template 
library of pre-designed shapes such as spheres, cubes, cylinders etc which 
are then augmented, combined, cut and joint to create vastly complex solid 
models. The commercial CAD software’s allow the ease and flexibility of 
using these shapes in congruence with their additive and subtractive design 
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The template library available with most CAD programs make the task of designing original 
objects exponentially easier than the past generation. 

aspects. Users can use the what-you-see-is-what-you-get approach to alter 
this design using input devices like a mouse. By adapting and tweaking 
these basic shapes together in pre-visualised methods, users are able to 
create unique designs and start their design work. 

The other category of design software that is used is known as “surface 
modeling” and was originally used in the animation and entertainment 
industry. The software’s key ability lies in being able to virtually replicate 
and automate the surfaces of three dimensional models. We see this being 
applied in 3D animated movies and games, where character and environ- 
ment surfaces have a great degree of detail, accuracy and authenticity, 
bringing them closer to the real world. 

Solid Modeling CAD 

Solid modeling CAD programs have been in use for industrial design and 
manufacturing for decades. They are able to render complex geometrical 
shapes that are customisable for designers to experiment and create. For 
example, using a solid modeling CAD program a designer can use basic 
shapes like adding together two cylinders to make a hammer and then sub- 
tracting a third cylinder to create a hole on the “handle” part of the design. 
Keeping in mind this already developed system and language of design, most 
3D printers are created with the ability to accept these design file formats. 
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These programs are now also capable of extrapolating whether materials 
used to fabricate the 3D models will be functional or not. In earlier versions, 
designs made in the program were only true for geometric accuracy, but 
can now create true real world simulations that show how materials and 
complex shape geometries will behave in response to real world physics. 
The software’s also have the ability to allow users to make their designs 
more efficient using lesser components which saves commercial industrial 
manufacturers on time and resources. The same benefit helps 3D printers 
by taking into account the additive printing system and compensating for 
that workflow. 

Surface Modeling CAD 

As we know, CAD programs use vast x-y-z coordinate data sets to create a 
virtual object model. But using only the basic system isn’t sufficient when 
dealing with objects like character shapes or complex molecular design. Sur- 
face modeling allows CAD programs to virtually enclose a shape or “wrap” 
a shape in a digital net or “mesh” giving it definition. This surface mesh 
is composed of numerous regular polygon geometries and is also known 

as polygonal modeling. Some 
people may be aware of this 
technique being used in 3D 
animation or game design 
where polygonal modeling is 
used to create lifelike looking 
characters and environments. 

The polygonal modeling 
allows the program to corre- 
late the coordinate sets along a virtual grid that corresponds to the mesh. 
All the individual coordinate data points are stored within the mesh surface 
model and allow the designer to accurately render the shapes. The default 
shape used for the mesh is typically triangular due to its efficient processing 
by computers but the level of detailing can range depending on the power 
of the processor. But it is important to note that these triangular shapes 
making up the mesh are themselves calculated on a planer surface, not a 
curved, much like how we look at maps as planar two dimensional surfaces 
and not the curved globe of which they are a part. 

The great advantage of surface modeling programs is that it allows 
the program to replicate physical reality more accurately. The detailing 




Unique and useful object shapes can be created in 
CAD by tweaking basic design shapes. 
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permitted by surface modeling is essential for the evolution of 3D printers 
as it allows for fully finished objects to be printed, that require little or no 
finishing or detailing once they are fabricated. 

By combining the best of industrial solid modeling programs and com- 
mercial surface modeling design programs, 3D printers are able to not 
only fabricate an object that is accurately functional but also polished in 
its detailing and appearance. The combined harmony of shape and appear- 
ance programing using CAD programs makes the potential of 3D printing 
truly achievable. 

Major Commercial 
Softwares 

The following are some of the 
major industry used commer- 
cial 3D printing softwares. 

Autodesk Softwares 

3DS Max, AutoCAD and Maya 
are the three most commonly 
used 3D modeling and design 
softwares currently in exist- 
ence and pioneered by the Autodesk Media and Entertainment Company. 
They are often used in tandem or separately depending on the nature of 
the design project and the degree of complexity required. They each have 
their specialised area of function and can be used for a variety of functions 
besides 3D printing. But from an industry standpoint they are the founda- 
tional softwares of 3D printing. 

Autodesk 3DS Max is the most advanced of all the softwares used for 3D 
printing. Originally created as a 3D computer graphics product used in 3D 
animation, modeling and graphic design, it is a vast architecture of versatile 
plugins and features that make it a powerful 3D printing tool. It’s use in 
cutting edge animation and video game design due to its advanced texture 
mapping and surface modeling options make it optimally suitable to handle 
complex 3D printing projects. 

It is currently available as a free student’s version which has all the features 
of the expensive commercial version. It lasts for three years beyond which it 
needs to be reinstalled on a student’s license or purchased. It can only be used 
for non-commercial educational purposes. It is usually bundled with other 



The detailing and definition through surface mod- 
eling makes designs more than just an odd shape 
that resemble a car. 
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Autodesk softwares such as Maya. AutoCAD is the oldest of all Autodesk 
design softwares. It is still used for advanced 2D design as well as 3D design 
projects. The 2014 release of its latest version is the 28th of its kind since 
it’s inception. The less feature heavy version known as AutoCAD LT is 
significantly cheaper but doesn’t provide any 3D modeling and rendering 
ability and is not useful for 3D printer based designs. The online based 
application version is known as AutoCAD 360 and is useful for collaborative 
project work, with functionality extended to mobile devices. It is functional 
across HTML5 browsers as well as the iOS and Android eco-systems. The 
discounted student version can be used for educational purposes but any 
assets created can’t be integrated to the full version of the software unless 
the license is paid. 

Maya was purchased by Autodesk in 2005, seven years after its ini- 
tial development. It is used along with 3DS Max for graphic, animation 
and game design. Its advanced features allow for the virtual and print 
fabrication of complex geometric surfaces such as fluid materials, cloth, 
fur, hair and chaotic data sets. Its primary usage in 3D printing is with 

respect to detailed surface mod- 
elling and is expanding as the 
technology develops. 

FormZ 

FormZ is a newer CAD program 
developed for 3D modeling, ani- 
mation, rendering and drafting. 
It is capable of both surface and 
solid model rendering using its 
own proprietary code. Due to 
its relative newness it is most adept at including 3D printer requirements 
in its program options. Its greatest strength is the accurate real world ori- 
ented physics involved in the reshaping and sculpting of designs with a fast 
workflow. It’s significant usage outside of entertainment and animation is 
in product design and architecture. 

Rhino3D 

Rhino3D is another very popular commercial CAD program used for indus- 
trial design, architecture, product design, automotive, prototyping and reverse 
engineering. It is compatible with 100s of third-party plugins that further 



3DS Max can't only design game creatures but also 
use those same design files to 3D print them! 
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enhance its abilities. It is available as a free download with a restriction that 
limits file saving to 25 times. It is compatible with a variety of CAD file types, 
especially those from Autodesk, but in the cases of formats post-2007, Rhino 
converts them to its own format first. It is the preferred 3D design software 
used by the Royal College of Arts, London for 3D printing projects. 

SoLidworks 

As 3D printing is finding 
more industrial and con- 
sumer interest, Solidworks 
has become one of the most 
successful and profitable 
CAD softwares. Its rela- 
tive ease of use and func- 
tionality for 3D printing 
purposes has made it an 
emerging favourite. Solidworks also distinguish itself from other CAD 
programs due to its aptitude for mechanical 3D projects. It introduces new 
workflows and features that are more inclined towards functional product 
design as compared to other programs. Features such as “Design Intent” 
allow designers to instruct the program on how designs need to function in 
the real world which ensures that functionality of design isn’t lost or missed 
in the design process due to the software compensating variables for other 
changes. Solidworks also comes with a specialty tool called Print3D which 
allows the designs to be converted to the STL file format. 

In addition to the above companies like Adobe have already begun 
introducing 3D printing functionality to their softwares by partnering up 
with 3D printer makers in America. The growth of this segment is encour- 
aging many design related software makers to look towards 3D printing 
as a growth opportunity. 

Open Source or Free Softwares 

For beginners the following software’s are a great way to get started on 
understanding 3D CAD design and its usage in 3D printing. 

Google Sketchllp 

SketchUp is an easy to use and learn program from Google that allows 
users to build models using a basic set of tools. The learning curve is simple 



One of the most versatile and accurate real world 
physics CAD programs. 
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As one of the next generation of 3D printer oriented CAD programs, Solidworks has the best 
of solid and surface modeling features. 

and gives users a good sense of the 3D design workflow. It also works with 
Google Earth to import a scaled photograph which can then be tweaked for 
added fun and engagement. 

3DCrafter 

3DCrafter comes with a real-time drag and drop approach to 3D modelling 
which is also useful for 3D animation projects. The intuitive and easy to use 
system is available as freeware with more advanced paid versions as well. 

Blender 

Blender is another free open source 3D design program that is popular 
for 3D asset creation. Compared to other free programs it is perhaps the 
most powerful and feature rich of them all and is comparable to even com- 
mercial paid for programs. It has a steeper learning curve but is an excel- 
lent intermediate software for those who wish to use free software with 
advanced features. 

BRL-CAD 

BRL-CAD is also a very powerful open source CAD program that focuses 
solely on solid modeling design with features such as interactive geometry 
editing, advanced geometric analysis, system performance analysis, bench- 
marking tools and a library of geometric shapes. Interestingly, it was originally 


■I AT" 





DESIGNING SOFTWARE 


75 


used by the U.S. military to test weapons for vulnerability and analysis for 
over twenty years. 

FreeCAD 

FreeCAD is a general use open source 3D CAD solid modeling mechanical 
design program that is useful for hardcore engineering and product design 
users. It has usage in other related fields like architecture as well. 


LeoCAD 


Netfabb Studio 

The basic version of this software is a very 
useful tool for editing, repair and analysis 
of CAD files. It’s small download size and 
exceptionally fast processing makes it an 
essential tool which is used to manage 
STL and slice files. 

Tinkercad 



Perhaps one of the most fun free softwares, LeoCAD is a CAD program 
based around using virtual LEGO models for its design purpose. Its easy to 
use interface and thousands of included 


model LEGO pieces make it a fun tool to 
learn and experiment with CAD design. A 
similar option created by Google is avail- 
able at www.buildwithchrome.com 



[https://tinkercad. com/] 

As the online 3D design community 
makes designs more available online, 
the design process is also finding a home 
online. Tinkercad is one such solution 
that offers a fast and efficient means of 
making design projects for 3D printing 
purposes. Using just a basic set of three 
tools on Tinkercad it is possible to create 
a wide range of objects. The designs are 
exported in the STL format and are ready 
for 3D printing. 



Not only is LeoCAD fun but is one 
of the simplest means to learn CAD 
programs. / BuildWithChrome offers a 
unique and exciting way to learn CAD 
workflow using LEGOs! 


ty?/fikdi9it .COfT 



76 


DESIGNING SOFTWARE 


3Dtin 

[http://www. 3dtin.com/] 

3Dtin is an online CAD program that allows users to play, learn and create 
objects through their browser. The online program comes with a very intui- 
tive interface and solid block modeling system which makes initial object 
design very fast. The program is very useful towards creating basic shapes 
and types but isn’t suitable for detailed surface models. 



m « 


Tinkercad teaches users how to think in CAD using combined sets of basic shape objects to 
make complex designs. 

The Best Match 

For both professional CAD users as well beginners, it is worth noting that 
the choice of design programs should be made taking into consideration two 
main points; the type of printer you are using and the level of complexity 
required. Those who are interested in pursuing 3D printing as a hobby or 
experimentation would be best served if they gradually worked their way 
towards learning the softwares, starting from the free open source programs 
like Tinkercad before they delve into Solidworks. 

Softwares like those in the Autodesk series require hundreds of hours of 
professional training and are complicated to operate without specialised knowl- 
edge. In addition to which, certain printers aren’t capable of the fabricating 
the level of detail that is virtualized in the advanced softwares. By matching 
their requirements and resources with the complexity of their desired projects, 
users will be able to save significant amount of time and pain. □ 


t/wTikdiOit ■I AT" 




DOWNLOADING 

DESIGNS 


We present you with a directory of 
online portals where you can access and 
share your designs online, as well as a 
list of 3D printing services in India. 

G etting started and having fun with 3D printing is easy with 
the wealth of resources available online. The most important 
resource that will make your journey enjoyable is the access to 
design files. Whether you’re a professional CAD designer or just 
a newbie, having access the the hundreds and thousands of shared designs 
from all over the world will allow you to experiment and create original 
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designs of your own. For those of who you wish to return the favour, the 
same forums are available, to not only share your own creations but in some 
cases capitalise on them as well. 

Currently the web is filled with many types of design forums which cater 
to the various sides of model design - 2D, 3D, solid modelling, surface maps, 
layered models like STL files and 3D animation models. Although most of 
the models and designs available can be used by home users on freeware 
and professional CAD programs, not all of them are ready for printing 
purposes. As the 3D printing community grows the number of specialised 
3D printing model design sites will become more visible. Until then, there 
a few key sites that make 3D print ready design available through various 
copyright licenses including freemium and paid-for creative commons. 

Create, Share, 

Sell and Profit 

The 3D printing and 
design resource web- 
sites in this section 
cover various catego- 
ries such as reposito- 
ries - where designs are 
simply stored for free 
use, e- commerce sites 
- where users can buy, 
sell, request and share 
designs, and search engines - meta-engines that scan through the web to 
give you what you’re looking for specifically. We will take a walkthrough 
of all these online resources and give you the details that can help you find 
what you’re looking for. 

1. 123D Gallery - This website is a hybrid of online 3D design, print service 
and community gallery. Users can use the tools for creating their own 3D 
print ready models and then share them with the website’s community. 
These designs are easily accessible for downloading and personal use. 

2. 3D Burrito - 3DBurrito is one of the best places on the web for hobbyists, 
amateurs and design innovators who wish to sell their designs at afford- 
able rates. One of the drawbacks of the website is the lack of additional 
information on how to use the 3D designs purchased from the site with 
different types of printers so a significant element of trust in the designers 
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skill is required. Many 
of the designs on the 
website are free to use 
however creators can 
also sell their designs 
at any price with the 
website taking 30 per- 
cent of the sale price. 

Check out its new Beta 
version online. 

3. 3DExport - This web- 
site is one of the largest 
online communities of 3D modelling designers and shared content. 
3DExport has over 150,000 member with new designs cropping up every 
day. The website has a user friendly interface and is easy to navigate. 
Started nearly 10 years ago, 3DExport has evolved from having general 
3D CAD designs to 3D printing designs as well. The website offers a 
non-exclusive licensing contract to the sellers on the platform under 
which creators receive 60-70 percent of total sales. 

4. 3D Studio - 3D Studio is another one of the old school forums of 3D 
design that has blossomed into an active marketplace. For serious and 
professional designers 3D Studio has proven to be a valuable resource 
of earnings and profit. The website has proven exceptional at providing 
a balance between customer satisfaction and creator rights by keeping 
artist margins stable and high. They also allow creators to freely sell 
their designs in other places instead of locking them under exclusivity 
contracts. Currently, designers get 60 percent of all sales. 

5. Azavy - Azavy can be called the eBay of 3D print designs as it uses a 

bidding format on in its 
marketplace in order to 
generate sales and com- 
petitive prices. Users 
can set up an account 
with Azavy and upload 
their own creations to 
the Azavy gallery. At 
the same time, the web- 
site hosts owners of 3D 
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3DBurrito is currently in Beta stages of its new redesign 
and promises a wider range of options soon. Sign up! 


Azavy and other marketplace sites sell a unique variety of 
objects at profitable prices. 
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printers who are commissioned to carry out printing services. When 
a customer of the website selects a design for printing, the various 3D 
print services providers bid for the job and the designer of the model 
gets a share of the sales. The website has recently gone public and is 
in its beta stages of development with investor confidence high in its 
potential success. 

6. CGTrader - CGTrader is a mash-up of a marketplace and code reposi- 
tory for 3D designs. Users can use the platform to sell, buy, commission 
and request designs from the community. Along with this service users 
can also search through one of the biggest repositories of 3D designs on 
the web. Its important to note that that 3D designs available have been 
accumulated over years and are not prepped for 3D printing. Users can 
filter for print ready files in case they are looking for a turnkey design 
file. Free files often times will not come with any instructions or guides 
on printing but all paid files are customer friendly. 

7. Create This - Create This is a platform exclusively for designers who 
want to sell 3D print ready designs. The files available on the website 
come in the major 3D print file formats including STL and SCAD. All 
files prices are variable but the minimum rate is of USD $1.49 with a 30 
percent rate to the platform. Currently the website is under redesign 
which will allow users to search for files by format. Other additional 
features are expected to be rolled out over time. 

8. CreativeCrash - Creative Crash is another 3D design online market that 
has a long history of traffic to their content. Compared to other sites that 
have been reviewed CreativeCrash offers a lesser share, of 55 percent, 
to designers on their platform but improves the likelihood of making 
a sale due to higher users. All designs shared on the website are on a 
non-exclusive basis and frankly can also be found on other free to share 
design websites. 

9. CubeHero - Unlike the many 3D markets that we’ve seen, CubeHero 
is one of the truly free design and service repositories on the web. The 
design files hosted are of special interest as they are made to ease fur- 
ther customisation and experimentation. The changes history of the 
file is included in the file data along with the source file of the design. 
Additional information such as the materials appropriate for the design 
are also included. All through the site links you to the downloads of the 
files, hosting is done on GitHub. The number of 3D models is lesser as 
compared to most other websites but is always gradually increasing. 
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CubeHero's community shares some of the most fun designs; from phone cases to robot 
body parts. 


10. Cubify - The Cubify marketplace is a mix of free and paid designs along 
with the 3D printing service option. All the design files are made to be 
used with the Cube 3D printer (of 3D Systems) and can be downloaded 
for personal use. So far the number of files on the website is limited but 
if you have a Cube 3D printer at home, its one of the best resources for 
design files. 

11. Fabforall - In terms of a meta- search engine useful for finding all things 
3D printing related, Fabforall is a gold mine. Working from an aggre- 
gating algorithm, the website collects information and links to a vast 
number of 3D printing websites and multiple design storage reposito- 
ries for easy indexing. The search interface is still under development 
and can prove tricky when searching for something specific. However, 
forum discussion indicate that changes for a new interface are already 
underway which will streamline a lot of the problems in the near future. 

12. GitHub - Another popular code repository for 3D printing resources, 
GitHub is an old-school share community where designers and creators 
can submit their designs. The Github website comes with a browser 
viewer that allows a view of the 3D models in STL file format for a quick 
preview before downloading. There are more than 20,000 files already 
uploaded to the site and need to be searched using the STL file format 
for 3D print purposes. 

13. Google Custom Search 3D Printing - After introducing the free to use, 
Google SketchUp CAD application, the number of ametuer and hobbyist 
made designs have flooded the internet. Using Google’s custom search 
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options you can trudge across all the online repositories that host free 
design files for 3D printing. One of the key Google SketchUp resources 
that’s included in the custom search option is the Timble Warehouse 
which hosts a lot of Google SketchUp files. 

14. GrabCAD - If you’re just interested in looking for free 3D designs then 
GrabCAD is the best resource on the web. However, its biggest limitation 
is that it caters to all sorts of CAD based designs that aren’t always created 
with 3D printing in mind. For the adventurous and experimental out 
there, these free 3D designs can be used and converted for 3D printing 
if you know what you are doing. But with no clear tag management on 
the files it’s hard to tell which files are suited for 3D printing. So don’t 
stop with just the files that have the “3D printing” tag on it, since you 
may miss out on a lot of interesting free designs. 

15. i.materialise - Of all the 3D printing service websites out there, 

i.materialise has found 
great popularity in the 
press. The website pro- 
vides the widest range 
of 3D printing services 
online but is not a good 
source of free designs. 
But if you are a creator 
who wishes to sell your 
designs across the 
world, then it’s a great 
place to submit your 
material as they will 
help you host your own 

store through their website where you can showcase and sell your work. 

16. Layer by Layer - Designed to appeal to amateurs and home hobbyists 
who want access to simpler work files, LayerByLayer provides the 
solution. All the files on the website are “pre-sliced” for easy use with 
the popular Makerbot series of home printers. The website uses its 
own proprietary software called L2L that works as a printer manager. 
Certain limitations like its Makerbot-only files and lack of support for 
Unix based systems is still yet to be resolved. 

17. My Mini Factory - One of the newest 3D printing service and resource 
website on the web, My Mini Factory is not actually an easy and free 
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i.materialise even helps designers convert concepts into real 
objects with design and CAD professionals. 
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design source. But it does 
have some interesting 
options which can get 
you free designs for per- 
sonal use. The option to 
upload and sell your own 
design is an active service 
on the portal. The website 
has a crew of professional 
3D model designers 
who upload files for 3D 
printing which need to be 
purchased via the web- 
site, however by regis- 
tering an email, five free 
design downloads are allowed. You can increase your access to these 
free downloads if you share and spread the website to others. 

18. Renderosity - Another old-horse for 3D modelling resources, Ren- 
derosity has been active for such a long time that it has accumulated 
the best and largest number of 3D print and design users on the web. 
Its designs are edit friendly using most of the popular design softwares 
like Maya and Autodesk suite. The website also works as a marketplace 
where you can upload and sell your designs but the profit share is low 
compared to other websites. 

19. Shapeways - Another popular all in one 3D printing service on the web 
is Shapeways. Although they primarily work through 3D printing on 
order, they are also a great place for budding designers to sell their 3D 
print files. The printing is done by Shapeways but the designs can be 
selected from a range of designers. Shapeway’s success has led to many 
home users to consider the online medium for selling their creations. 

20. Sketchfab - It’s best to think of SketchFab as the YouTube of sharing 
3D design files, except without the video. Its cool and elegant interface 
hosts your designs which can then be embedded anywhere on the web 
for sharing. The site gives you access to a lot of 3D model designs but 
not all of them can be clearly identified as meant for 3D printing. Its a 
bit of a treasure hunt. 

Bonus: Torrents and The Pirate Bay - It goes without saying, that 

most things digital on the internet have a funny way of finding them- 



MyMiniFactory is a great alternative for downloding 
professional grade designs from a highly trained 
team of designers. 
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selves on the torrent file sharing network. And if you know what you’re 
searching for its easy to find anything. Similarly, 3D print files are also 
taking advantage, with the use of the torrent system as an easy and efficient 
way of sharing personal files with the larger community. One of the most 
popular designs found on the network which is of practical day to day 
use (American use) is guns. But keep digging using the “physibles” tag 
and you’ll be surprised with the free goodies you find. Happy hunting 
and please seed. 

Top Indian 3D Printing Sites and Services 

All of the websites we’ve discussed so far are based outside of India and 
can be accessed only by a select group of people. Due to that limitation 
their main use is as warehouses for 3D design files which we in India can 
work with on our own. It should be noted that as the popularity of the 
technology and availability of the materials grows in India, the prices and 
number of companies providing 3D printing services is likely to increase. 
This section looks at the Indian scene and focuses on print services, who 
will not only help you design, but more importantly provide 3D printing 
services directly to you. 

3Dify 

[http://www. 3dify. in/] 

3Dify is a service based website that started in early 2013 and is based out 
of Navi Mumbai. Its primary offerings cater towards small business’ and 
home users interested in experimenting with personalised objects using 3D 
printing. The main business of the website comes from custom jewellery and 
architectural models, along with their ability to deliver rapid prototyping for 
manufacturing business’. Their simple website is mainly for informational 
use with no access to designs or even sample photographs. 

3dLabs 

[http://3dlabs.in/] 

3DLabs is nearly a one man operation running out of Kolkata and started 
by Prateek Lohia in early 2013. Its a simply run online business with the 
minimum of online interaction. Designs are usually sourced from other 
online resources such as thingiverse.com and are allowed basic customi- 
sations such as text addition before they are printed and shipped to the 
customers. It has doubled its business over the last year from one 3D printer 
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to two 3D printers but is engaged with its user base over social media 
websites like Facebook. 

3Ding 

[http://www. Ming, in/] 

3Ding is a larger business created as a subsidiary of Redd Robotics in 
Chennai. They claim to be the only multi-brand retailers of 3D printing 
equipment across the workflow, from printers to scanners to printing mate- 
rials as well. They also provide custom designed 3D printers on order and 
do-it-yourself kits for those interested in setting up a 3D printer at home. 
They don’t work within the design aspect and expect customers to provide 
them a FDM based STL design file for whatever item needs to be printed, 



3Ding as a limited but gradually growing range of objects that can be directly ordered from 
their website. 


however if the file requires changes they are willing to do so at extra cost. 
Their pricing is based on project-to-project variations with no fixed rates. 
One of the key priorities for 3Ding is to create more awareness and interest 
in the 3D phenomenon for which they hold workshops on the subject. If 
you’re in Chennai there is a workshop in mid-March 2014. Check out their 
website for more details. 

3DigiPrints 

[http:// www. Migiprints. com ] 

3DigiPrints is an authorised reseller for 3D Systems and operates from 
Bangalore and Mumbai. They sell two models of the 3D System’s line of 
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printers as well as take on custom 3D print jobs on order. Like most 3D 
print services in India, their design involvement is very limited and they 
expect a STL file submission from their customers. 

3DPrintronics 

[http://www. Sdprintronics. com/] 

3DPrintronics is an ambi- 
tious startup based out of 
Noida that offers an online 3D 
printer store that aims to help 
customers start their own 3D 
printing at home. They sell all 
the related paraphernalia of 
3D printers from materials to DIY kits. They are heavy proponents of the 
RepRap Project and work using open source design hardware. They also 
take custom 3D print projects with minimal design input. 

Cycloid 

[http://www.cycloid.in/ and http://www.c4l.in/] 

Another promoter of the Open Source Hardware movement, Cycloid System 
is a Bangalore based company that manufactures and services it’ own line 
of 3D printers in India. They also sell 3D print materials in a variety of 
colours directly to customers. Their 3D printing service division is called 
C4L which is currently in beta testing mode. They accept customer provided 
STL or SKP file formats and directly deliver printed items. 

Clarity 3D Printing 

[http://www. clarity 3 dprinting. com/] 

Clarity 3D Printing is based out of Mumbai and solely provides 3D printing 
service. They provide basic technical assistance and guidelines in the crea- 
tion of STL files but do not do any designing themselves. Users can submit 
their files to Clarity and commission a custom print job online. 

Imaginarium 

[http://www. imaginarium. co. in/] 

Imaginarium is based out of Mumbai and works across numerous industry 
verticals as a rapid prototyping and rapid manufacturing centre. They 
work on a range of products such as jewellery, automotives and architec- 



3DPrintronics aims to be a one stop shop for 3D 
printing solutions. 
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tural models. They do not traditionally work for home based consumers 
on customised products but are willing to take on larger scale objects or 
products if called upon. 

Maker Meet or Maker Parties in India 

If you are interested in getting more involved in the Indian scene of 3D 
printing, from design and software to making your own 3D printers, its 
worthwhile to keep a lookout for “Maker Meets”. Makers are informal 
and decentralized communities of individuals who are interested in do-it- 
yourself solutions and are very supportive of the 3D printing technology. 
They occasionally organise and host meets in different locations where 


they meet, share, experiment and teach their experiences with 3D printing. 
The most recent Maker Meet took place in Bangalore in September 2013. 

The meet was sponsored and organised over social media, with assis- 
tance from Mozilla India and the Hive Learning Network. They can be 
found over Facebook. □ 
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THE FUTURE 
OF 3D 
PRINTING 

Is it a brave new world we’re looking at? 
Or a bubble waiting to burst? 


3 D printers are definitely going to be responsible for the dawn of the 
third (or 3D) industrial revolution. We’ve come a long way from the 
first one. Ever since the first industrial revolution, factories, tools 
etc. have been synonymous with manufacturing - mass manu- 
facturing or otherwise. The notion of modern manufacturing being done 
without factories is in itself an astonishing one. However, this is exactly 
what is going to happen as 3D printing reaches individuals and small busi- 
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nesses. We can now build parts, appliances and tools using a wide variety 
of materials all from the comforts of your home - just create or download 
a digital 3D model of the object of your choice and with just a click of a 
button, you can watch your 3D object take shape. The technology has been 
around for around 3 decades now, but off late however, rapid advances in 
processing power bandwidth and storage has seen this technology being 
catapulted into the limelight. Sure to be a force that changes the entire out- 
look of the manufacturing world, 3D printers have just started knocking 
on the doors of customers, and though 
not exactly a vital household good yet, 
it sure has the potential to become one 
in a few years’ time. Already consider- 
ably cost competitive with 3D printers 
coming as cheap as a 100$ (approx. 

6000 Rs.), perhaps the biggest argu- 
ment against 3D printers is the fact 
that it isn’t extremely easy to use - and 
it’s true to a huge extent. Aimed at the 
more experienced tinkerers, the current 
models aren’t very user friendly, and 
just like past models of a fax machine or 

a printer, the consumers aren’t likely to lap it up till it becomes extremely 
reliable and simple to use - push a button and get the job done. Till then, 
3D printers aren’t going to become a household item. But then, that day 
isn’t too far away. 



Peachy printer -100$ 3D printer 


Future of 3D printing and what it means for traditional 
manufacturing 

The future of 3D printing, and all the prospects that it seemingly holds 
for can make the least materialistic person salivate. And while this new 
reality is extremely exciting, there is significant doubt as to how this will 
affect manufacturing in the future. Factories won’t disappear, but the 
manufacturing industry on the whole would get a massive makeover as 
new materials, new products and new materials emerge. Today’s con- 
sumers are more customisation oriented. Customisation and speed of 
delivery are the name of the game today, and the traditional manufac- 
turing units - no matter how advanced they’ve become - cannot compete 
with 3D printers in these areas. 3D printing at work or home changes the 
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face of manufacturing. Until now, the creation of high-quality physical 
products required expensive machinery and investments in tooling - and 
with developments such as low cost 3D modelling tools, investment web- 
sites and industry collaborations over designs, 3D modelling has the right 
canvas to make Do It Yourself (DIY) manufacturing a revolution in itself. 
While it is uncertain as to how 3D printing will exactly impact the tradi- 
tional manufacturing sector, emerging trends indicate that something of a 
paradigm shift has already begun. One thing is for certain - as more and 
more organisations tend to become manufacturers, the line between con- 
sumer and manufacturer will blur. Few possible results of the emergence 
of 3D printing could be: 

► Products with superior capabilities: Products incorporating 3D printed 
components will start exhibiting superior features such as being more 
durable, lighter, smaller, less mechanically complex and easier to main- 
tain holding distinctive competitive advantage over traditional mass 
manufacturing units. 

► Products will have to be marketed quicker: 3D printing would lead to 
faster design and faster prototyping cycles. Apart from this, the elimi- 
nation of tooling and setup times of factories would all in unison mean 
that being quick to market would be less of a competitive advantage, and 
more of a necessity to survive in the quick paced industry. 

► Outsourcing might become moot: The current advantages in terms 
of price when it comes to outsourcing or off shoring certain stages in a 
supply chain to low-cost regions might slowly become negligible thanks 
to the just-in-time manufacturing closer to the point of sale or assembly. 

► Designs will be open and community oriented: Communities of end 
users will be responsible for various product designs that will be avail- 
able to anyone with the skills and the tools required to manufacture 
them. These open designs can 
be modified and will be superior 
to proprietary products that are 
mass manufactured. 

► Customisation will become 
the norm: As companies edge 
more and more towards using 
3D printers and other technolo- 
gies to offer customisation at 

minimal costs, customers will 3D print designs available online 
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grow increasingly needy about customisation ability. And eventually 
as R&D progresses, the per unit manufacturing costs of these small 
production runs will be able to rival those of the traditional long run- 
ning industries with large economies of scale. 



Current research in 3D printing and their possible 
implications on several industries 

3D printing has been evolving over the past 3 decades, and will continue 
to do so like all other technologies. Researchers are continuously breaking 
ground in terms of print size, speed and material integration. All of these 
developments create new solutions to existing problems, thus paving way 
for new entrants in the market 
and being responsible for an 
entire new breed of “world’s 
firsts”. There are systems being 
developed that can work by 
combining the benefits of both 
traditional machining devices 
such as CNCs and additive 
manufacturers such as 3D 
printers, thus removing the 
need for post-processing. This 3D printed mechanical insect 
only leaves unlimited room for 

imagination as to the possible applications in different industries: 

► Aircrafts and Aerospace: Leading aircraft manufacturers such as 
Boeing and Airbus are using 3D printing to improve the performance 
by reducing the maintenance requirements and saving fuel costs with 
lighter parts. 3D printed aircraft components are 65% lighter than tra- 
ditional aircraft parts but just as strong. How much does this save up to? 
To put things in perspective, for every lKg reduction in weight, airlines 
save around $35000 in fuel costs spanning the lifetime of the aircraft. 
Aircraft designers already have in their sights manufacturing a whole 
plane by the years 2050. Boeing is actually somewhat of a pioneer in 3D 
printings having printed more than 25000 components being used in a 
variety of aircrafts. Components such as ECDs which require about 20 
different parts to assemble due to its complex structure are now being 
manufactured as one piece. NASA is also taking advantage of cutting 
down on a long supply chain using 3D printers by trying to print products 
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or replacement parts on the International Space Station. Groups such 
as Made in Space are developing tools that can directly manufacture in 
space - in zero gravity conditions - as and when needed. 

► Defense: Much of the machinery used in the military is complex and 
produced in relatively low volumes. At the same time, they must be 
strong, durable and reliable. 3D printing technology has already been 
used to create parts that can survive the rigour of a battlefield, and very 

importantly, at much 
cheaper prices. 
Another problem 
with military equip- 
ment is relying on 
the limited amount 
of spares available 
- and with lives at 
risk, running out of 
required equipment 
can be disastrous. In 
the future, therefore, 
it may be possible for 
the military to print replacement parts on the spot instead of trying to 
rely on the inventory that they carry. Another - completely parallel - 
usage of 3D printing in the military would be to create topographical 
models on the spot to provide better understanding and intelligence to 
the military personnel. Regularly updated 3D models of the landscape 
would help soldiers in easily visualising, and hence responding better 
to a situation. This was also used recently by the U.S. Army to help 
respond to Hurricane Katrina. 

► Automotive: The automotive sector has already started using 3D printing 
to make complex parts. Major manufacturers such as GM, Land Rover, 
Bentley, GM and Audi have been 3D printing auto parts for a few years 
now. High end, specialty cars with relatively small production runs will 
particularly benefit. Engineers at BMW have used 3D printing to create 
lighter versions of their assembly tools to improve worker productivity. 
Also, 3D printing will take the marketing scenario of automobiles to a 
whole new, more visually detailed, dimension. Imagine showing a full 
scale 3D model instead of a CAD drawing. There’s a lot to look forward 
to in the automotive sector - in fact, the world’s first printed car, called 



3D printing in outer space 
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the ‘Urbee’ might just 
be produced in low- 
volume in the recent 
future. Other added 
accessories such as 
custom interiors 
or motorcycle hel- 
mets to fit the size 
of the head perfectly 
will also take the 
industry by storm. 

► Healthcare: Perhaps Urbee -first 3D printed car 
the most exciting and 

inspiring use of 3D printing is in medicine and healthcare. Medical solu- 
tions will become more customised for individual requirements. The 
breakthroughs in this field are extremely quick and awe-inspiring to 
say the least. The area of regenerative medicine will be greatly benefited. 
Chapter no. 3 has gone into these in much greater detail. 

► Other consumer goods: As the number of materials used in 3D printing 
increases, we will see 3D printing impact our daily life on a much more 
personal level. For example, virtually any food can be created, customised 
into different shapes and sizes, or even meat produced without neces- 
sarily killing animals - making the breakfast of the Jetsons a reality. 3D 
printed clothes will start becoming widely available. Victoria’s Secret has 
already modelled the first ever 3D printed lingerie, and there’s only more 
to come. Jewellers will start using 3D printing over traditional manufac- 
turing processes to create custom chains and necklaces. The way chil- 
dren will play will change 
forever, with 3D printers 
letting them download 3D 
designs and play with the 
toys that they want. 

As all of these exam- 
ples indicate, 3D printing 
has the potential to help 
meet the needs of people 
throughout the world. It 

Bionic ear created by 3D printing can provide poor people 




.COfT 



94 


THE FUTURE OF 3D PRINTING 


with clean drinking water, and disabled people with prosthetic legs. Basic 
human needs will be met at much lower costs and hence 3D printing can 
serve as an impetus to economic development. But as with all futuristic 
technologies, the seemingly infinitesimal scope that 3D printing offers 
also raises eyebrows with respect to the all the negatives that it can cause. 
The technology of 3D printing is advancing so quickly in so many different 
fields that its advantages and repercussions might hit the average consumer 
hard, even before he/she realises what’s happening. 

► Unemployment: To start off, it is clear that because of the added advan- 
tages that 3D printed products give you, including accuracy and lesser 
waste, mass manufacturers would love to incorporate 3D printers on 
every stage of their supply chain. The small part of manufacturing that 
is 3D printing, today, might well go on to become the main component 
of an era of silent factories where companies can churn out a number 
of cutting-edge parts required for mass manufacturing with absolutely 
no labourer in sight. So, while reducing cheap labour might be cutting 
down costs for the company, it also means a major cut down on jobs, and 
thus, mass unemployment. And though a new era of manufacturing 
would require skill to be diverted into new areas - for operation of the 
3D printers, and for making custom designs etc. - the switch from one 
skill set to another will not be convenient, and perhaps not feasible for 
many. Thus, inevitable or not, an industrial revolution leading to mass 
unemployment is a scary prospect. 

► Weapons: What is scarier though, is the fact that 3D printing gives you 
the chance to create absolutely anything you think of - including guns. 

3D printers could have sig- 
nificant positive economic 
and social benefits, but 
as with everything that is 
human, they also have a 
dark side. And firearms are 
clearly the most problem- 
atic 3D printed devices that 
could be produced. There 
are schematics available 
for printable plastic guns 
already, and as the tech- 
30 Printed Metal Gun Components Disassembled nology advances, it could 
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make most of the gun 
control laws seem moot. 

► Theft: Skimmers are 
bogus credit card/ATM 
card readers that are 
attached atop or nearby 
the original reader 
which, upon swiping 
a card, can read all the 
information pertaining 
to that card. The possi- 
bility that ATM skim- 
mers are already being manufactured using 3D printers is pretty high. 
And though the usage of 3D printers for producing counterfeit money 
hasn’t really been on record as of yet, the possibility of doing the same 
does not seem very farfetched. These are machines that can use various 
materials and print with amazing accuracy and precision - so naturally, 
producing counterfeit money seems like a very likely usage. And even 
daily household robberies would become so much easier. There has been 
a reported incident of a German hacker being able to replicate handcuff 
keys using just the photograph of the actual key. Thus, even though 
thieves have always been able to copy keys, the whole process is made 
so much easier and in many cases, more plausible. 

► Ethics: The medical application of 3D printing to produce living tissue 
and organs is sure to cause ethical debates amongst various aspects of 
society. The technology involved in bioprinting is advancing so quickly 
that it might get into medicinal use before the general public are able to 
understand and accept the ramifications of this technology. Bioprinting 
has already made waves, and though most of these initiatives are intended 
well, they raise a lot of questions that are still unanswered. The obvious 
doubts that remain are as to who has control over the material (stem 
cells) required to make these organs or who will be allowed to be able 
to produce them for whatever purpose? And once they do produce it, 
who takes responsibility for the quality and the failure of the resultant 
organs? Nevertheless, the day when human organs are 3D bioprinted 
and are readily available is just round the corner, and when the day does 
come, a lot of interests - moral, political, social and financial - are going 
to influence this debate. 



ATM skimmers 
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► Intellectual Property: Go to a beat down shop in one of your favourite 
bazaars and you’ll find a bunch of replicas of your absolute favourite 
memorabilia - from Harry Potter key chains to V for Vendetta based Guy 
Fawkes’ masks. But the availability of these items in sheer number, and 
the quality (or the lack of it) they offer do not really pose a great threat 
to the sales revenue of either Warner Bros, or Disney here, as you can 
argue. But then, 3D printers - having the capacity to create high quality 
imitations in every household - could well be the absolute ultimate threat 
to intellectual property. It is easy to translate absolutely any existing 
object into a digital file using a 3D scanner. Therefore, designer products 
could be sold at extremely low prices by just recreating them through 3D 
printers. This environment would make it very difficult for businesses 
to be able to fully monetize their inventions, or for media giants - their 
creations. IP thieves will have lesser costs, sell counterfeited goods at 
discounts, and sell poorly performing or even dangerous products, to 
unsuspecting customers. According to forecasts, about $100 billion 
could be lost in IP theft per year thanks to 3D printers. 

So, as is evident, there are many ways of misusing this potentially world- 
changing technology, but it is very important for the various governments, 
while contemplating the dangers of this era, to avoid overreacting in ways 
they end up hindering the process of innovation and unleashing unintended 
consequences. Perhaps methods those are smart and not necessarily radical 
can be implemented to curb the misuse of this technology as mentioned 
above. For example, gun laws could now become gunpowder laws - meaning 
there could be laws to monitor the usage of gunpowder. This could be a better 
way of controlling the usage of firearms rather than trying to keep a tab 
on the endless permutations of gun designs. A response to the key hacker 
problem could be to make advances in biometric scanning, or other cheaper, 
more advanced forms of security - a very beneficial evolution on its own. 

In short, the consumers and the manufacturers are both going to go 
through a revolution of sorts with the widespread introduction of 3D 
printers. And as with any revolutionary technology, there are endless 
possibilities - both good and bad - that 3D printing can bring in the future. 
The challenges that 3D printing poses can be dealt with only by increased 
creativity and flexibility, but it can’t be denied that the inevitable dawn 
of this new era brings more scope for positive growth than otherwise. □ 
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